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DESCRIPTION 

CONDUCTIVE CONNECTING PIN AND PACKAGE SUBSTRATE 

> Technical Field 

The present invention relates to a conductive connecting 
pin and a resin package substrate to which the conductive 
connecting pin is secured. 

Background Art 

In recent years, a package substrate for connecting IC 
chip or the like to a mother board or a daughter board have been 
required to reduce its dielectric constant and dielectric loss 
factor because the frequency of each signal has been raised. 
Therefore, the mainstream of the material of the substrate has 
been changed from ceramics to resin. 

In the foregoing background, as a technique relating to 
a printed circuit board incorporating a resin substrate, a 
so-called build-up multilayer printed board has been suggested 
m Japanese Patent Publication No. 4-55555. That is, epoxy 
acrylate is used to form an interlayer resin insulating layer 
on a glass epoxy substrate having formed circuits. Then, a 
photolithographic method is employed to form an opening for a 
via hole. The surface is coarsened, and then a plating resist 
is provided to perform a plating process so that a conductive 
circuit and the via hole are formed. 

When the foregoing build-up multilayer printed circuit 
board is employed as a package substrate, a conductive connecting 
pin for establishing the connection with a mother board or 
daughter board must be joined. 

The foregoing pin is called a "T-type pin" having a T-like 
side shape realized by a columnar connecting portion 722 and 
a plate-like secured portion 721 as shown in Fig. 76. Thus, the 
connecting portion 722 is used to establish the connection with 
a socket of mother board or the like. The foregoing conductive 
pin 710 is, with a conductive adhesive agent 717, such as solder, 
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bonded and secured to a pad 716 which is a conductive l ayer c f 
an interlayer resin insulating layer 752 (or a core substrate) 
which is the outermost layer of the build-up multilayer circuit 
plate . 

5 The foregoing structure suffers from an excessively small 

area of contact between the pad 716 and the interlayer resin 
insulating layer 752. Moreover, the metal pad and the resin 
insulating layer are made of different materials. Therefore 
there arises a problem in that the strength of adhesive bonding 
is unsatisfactorily small. Therefore, warp or asperities of 
the substrate sometimes occur owing to the difference in the 
coef f iciency of thermal expansion between the package substrate 
and the mother board or the daughter board under a heat cycle 
condition in which a high temperature and a low temperature are 
repeated and which is performed as a reliability test. In the 
foregoing case, fracture of the interface occurs between the 
pad 716 and the interlayer resin insulating layer 752. Thus, 
there arises a problem in that the conductive connecting pin 
720 separates from the substrate together with the substrate 
When the package substrate is mounted on the mother board by 
using the conductive connecting pin, displacement between the 
position of the conductive connecting pin and the socket of the 
mother board causes stress to be concentrated to the connection 
portion. As a result, the conductive connecting pin sometimes 
separates together with the pad. Heat in the high temperature 
re gi on in the heat cycle and that generated when the IC chip 
is mounted, sometimes causes the conductive pin to be separated 
or inclined. Moreover, the electrical connection cannot 
sometimes be established. 

To solve the above-mentioned problems, an object of the 
present invention is to provide a conductive connecting pin which 
13 f f r ° m conc ^tration of stress under heat cycle conditions 
or during a mounting an electronic component such as an IC chip 
and a resin package substrate incorporating the conductive 
connecting pin which cannot easily be peeled and separated and 
with which the electrical connection can easily be established 



2/119 



10 



15 



20 



if the stress is exerted. 

The build-up multilayer circuit plate for use as a package 
substrate has a plane layer for constituting a power supply layer 
to permit supply of large electric power to the IC chip or a 
plane layer for constituting an earth layer to reduce noise. 

However, the plane layer is connected to the pad which 
establishes the connection with an external substrate (for 
example, a daughter board) through a via hole. The plane layer 
which constitutes the power supply layer for the purpose of 
supplymg electric current from the daughter board portion 
through the fine via hole is able to supply only limited electric 
power to the IC chip. Therefore, a satisfactory function cannot 
be realized. Also the plane layer, which constitutes the earth 
layer and which is connected to the earth line of the daughter 
board through the fine via hole having high resistance, cannot 
satisfactorily reduce noise. 

To connect the multilayer printed circuit board for use 
as the package substrate to the daughter board, the conductive 
connecting pin must be joined to the pad provided for the 
multilayer printed circuit board. If a metal pad is provided 
for the package substrate made of resin, the conductive 
connecting pin separates together with the pad when stress has 
been exerted on the conductive connecting pin because the 
strength of adhesive bonding of each of the two elements is 
unsatisfactorily low. 

To solve the above-mentioned problem, an object of the 

present inventionistoprovideapackage substrate incorporating 
a plane layer having a satisfactory function. 

Another object of the present invention is to provide a 
resin package substrate incorporating a plane layer having a 
satisfactory function and a conductive connecting pin which 
cannot easily be separated. 

On the other hand, the build-up multilayer circuit plate 
incorporates a EGA constituted by solder or the like in order 
to establish the connection with an external substrate. Thus, 
the build-up multilayer circuit plate is mounted on the surface 
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of the external substrate. 

When the connection with an external substrate is 
established through the EGA, too small area of adhesion between 
the EGA and the solder resist causes the tensile strength to 
be reduced. As a result, concentration of stress to the EGA 
or the heat cycle condition employed as the reliable test causes 
the EGA or a metal layer for holding the EGA to be cracked or 
broken. 

A variety of heat hysteresis experienced with the build-up 
multilayer circuit board when it is formed, such as drying and 
hardening of the interlayer resin insulating layer and the solder 
resist (an organic resin insulating layer) , drying occurring 
after a plated film has been formed and an annealing process 
causes the substrate to be warped or asperities to occur The 
warp and asperities sometimes inhibit the connection between 
the build-up multilayer circuit plate and the external substrate 
by using the small BGA. 

It might be considered feasible to establish the connection 
with the external substrate by using PGA as a substitute for 
the BGA of the build-up multilayer circuit plate. That is the 
PGA establishes the electrical connection by inserting a pin 
into a connection portion of the external substrate . Therefore 
the foregoing defect in the connection experienced with the BGA 
does not occur. 

When the PGA is formed, through holes are formed in the 
substrate by using a drill or a laser beam. Then, the PGA is 
inserted into the through hole. The build-up multilayer circuit 
Plate incorporates the insulating resin layer which does not 
contain a reinforcing agent made of glass epoxy resin or the 
30 like. Therefore, the strength for supporting the PGA is too 
small to enlarge the tensile strength. What is worse, plating 
solution which is used to form a conductive layer in the through 
hole after the drilling operation has been performed, a variety 
of heat hysteresis or heat required to melt solder in the through 
35 hole to secure the PGA sometimes causes the resin in the interlayer 
insulating layer to be melted. Thus, the PGA cannot sometimes 
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be disposed. 

Since the PGA requires the through hole to be formed 
disposition of an electric line in the lower la yer is inhibited 
which is permitted for the BGA. Therefore, the degree of freedom 
> required when the substrate is designed is narrowed excessively. 

To solve the foregoing problems, an object of the present 
invention is to provide a package substrate with which the tensile 
strength of the PGA is enlarged and the degree of freedom of 
wiring can be widened and which exhibits a satisfactory 
connection characteristic with an external substrate. 

Disclosure of the Invention 

The inventors of the present invention have energetically 
performed studies. As a result, the present invention has been 
established. Thatis, anaspect of the present invention claimed 
m claim 1 has a structure that a pad to which a conductive 
connecting pin is secured is covered with an organic resin 
insulating layer having an opening for partially exposing the 
pad. Therefore, for example, when the package substrate is 
Domed to another substrate, such as a mother board through the 
conductive connecting pin in a state where, for example, the 
posxtions of the conductive connecting pin and the socket of 
the mother board are sometimes deviated from each other As 
an alternative to this, the heat hysteresis of the heat cycle 
condition sometimes causes the substrate to be warped. Even 
m the foregoing case, separation of the pad from the substrate 
which is held by the organic resin insulating layer, can be 
prevented. If sufficiently large strength of adhesive bonding 
cannot be realized in a case of bonding different materials to 
each other, such as bonding between a metal pad and an interlayer 
resin insulating layer, covering of the pad with the organic 
resin insulating layer realize large peel strength. 

It is an important fact for the aspect claimed in claim 
1 that the size of the pad is somewhat larger than the opening 
of the organic resin insulating layer through which the pad is 
exposed. Thus, the pad is partially exposed to the outside 
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through the foregoing opening. That is, the periphery of the 
pad is covered with the organic resin insulating layer It is 
preferable that the size of the pad is 1.02 tin* to 100 times 
the drameter of the opening of the organic resin insulating layer 
through which the pad is exposed to the outside . if the diameter 
of the pad is smaller than 1.02 of the diameter of the opening, 
the organic resin insulating layer cannot reliably hold the 
periphery of the pad. Therefore, separation of the conductive 
connecting pin cannot be prevented, if the size is larger than 
100 times, raising of the density of conductive layer is inhibited 
Specifically, when the diameter of the opening formed in the " 
organic resin insulating layer is 100 „ m to 1 , 500 u m, the diameter 
of the pad is 110/zm to 2, 000/zm. 

| Another aspect of the present invention claimed in claim 

W 2 ^ S 3 Structur * that an extending portion over the periphery 

P °* thS ^ ±S C ° Vered With an 0 ^nic -sin insulating layer. 

£ Therefore, if stress is applied to the conductive connecting 

V Pin, separation from the substrate can be prevented because the 

? 2 n r d ' SheldbYthe0rganicresin bating layer. On the other 
!l 20 hand ' thG b ° dy ° f the P ad is -Posed to the outside through the 
g opening of the organic resin insulating layer. That is, the 

12 ° rganiC rSSin ins »lating layer and the body of the pad are not 

<M in contact with each other. Therefore, the contact between the 

organic resin insulating layer and the body of the pad does not 

cause any crack to occur. 

Another aspect of the present invention claimed in claim 
5 has a structure that the pad is, through the via hole, joined 
to the conductive layer which is the inner layer. Therefore 
the area of contact between the pad and the substrate is enlarged,' 
30 causxngthetwoelementstobejoinedfirmly. As described above 
the aspect claimed in claim 1 has the structure that the pad 
to which the conductive connecting pin is secured and the 
interlayer resin insulating layer to which the pad is bonded 
are bonded to each other as bonding of different materials . On 
the other hand, the aspect of the present invention claimed in 
claim 5 has the structure that the pad is connected to the 
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conducts iayer which is the inner layer. Therefore, the two 
e emen s are connected to each other as the connection of metal 
elements. Therefore, the connection can furthermore relLblv 
^established. The peeling stren g th of the pad can be enlar e /. 

The pad may be connected to the conductive layer which 
» the mner layer, through one or more via holes. The real 
for thrs lies in that the area of contact of thepad can furthermore 
be enlarged to effective^ prevent the separation. When the 
pad rs connected to the conductive layer, which is the Inner 
10 layer, through the via hole, it is effective that the via ho e 
« formed ln the periphery of the pad. Therefore, the via hole 

r^r™ a rin9 shape and th * ~ - - — d 

fc plate ls connected may be so 
structured as to be connected to the conductive layer which 
"the inner layer, through two or more layers of via holes 
The t „ 0 or more layers of the via holes may be one via hole according 
to the shape or the type of the package substrate, m eithe! 

; h s ; rf r e ar r of the pad can be enia — - 

enlarge the strength of adhesive bonding. When the via holl 
prided with the pad is covered with the organic resin ins la 
layer having the opening through which the pad is partiallv 

25 ~ the m - *™ - - - - - 

Another aspect of the present invention claimed in claim 

s mirr r e that the conductive iayer ° f ~« - 

erv no a C ° ntaCt " lth SUrfaCe ° f 3 ^ «*-t»t. 

serving as a core substrate through a coarsened surface (a mat 

layer the pad cannot easily be separated from the interlayer 
resin insulating layer. Mso in a case where the pad is Joined 
to the conductive layer, which is the inner layer, through one 
or more vra holes and two or more layers of via holes, the 
3* conductive layer, which is the inner layer, may be provided fo 
the core substrate. 
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According to another asDert nf +-k^ 

:: re .'7 the ~ tlng Pin , „„l is an e i e ; 

terminal, to another substrata disposed on a side surface 
5 oppose to the side surface for which the conductive conLcting 
P« » prevented. SpecificaUy, the pad is connected to the 
iand around the through hole and a filer filled in the through 
hole through a via ho le . Moreover, so-called "cover p atl g » 
- y be performed such that the through hole is covered „i h a 

' laYer - Th6n ' thS Pad ™* be connected to the 

conductive layer through the via hole. Moreover, the pad »" 
Reconnected to only the land o f the through hole through Z 

According to another aspect of the present invention 
daimed in daim 14 has a structure that the strength of adhe ve 
bondrng „ lt h the conductive connecting pin can be made t be 
2.0 Kg/pm or greater because the melting point of the conductive 
adhesive agent is to 280^. The foregoing strength 

considerably reduced even after the reliability test, such as 

i:z::z:t or even after heat has —^"-11 

mountrn, of lc chips. !f the melting point is lower than 180^ 
realized strength of adhesive bonding is about 2 . 0 Kg/pi n in 

some cases, only unsatisfactory strencth of »hh ■ , 
of , = „„, . , y str engtn of adhesive bonding 

of 1.5 Kg/pm can be realized. What is worse, heating applied 
durmg m0 u„ tl n g of the IC chips sometimes causes the conductive 
adhesive agent to be melted. Thus, the conductive connecting 
Pin is undesirably separated and inclined. If the melting point 
3 higher than 280^, the resin insulating which is therein 
ayer and the solder resist layer are unsatisfactory dissolved 
at a temperature at which the conductive adhesive agent is 
d ssolved. xt is preferable that the temperature is 20 0t to 
260 C . When the conductive adhesive agent has the 
above-mentioned melting point, dispersion of the strength of 
adhesive bonding of the conductive connecting pin can be reduced . 
Moreover, appHed heat does not damage the resin layer which 
constitutes the package substrate. 
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Another aspect of the present invention clawed in claim 
5 ha a ucture that conductive adhgsive la» 

silver goid and copper . Therefore _ th<> conduc £ 
gent hav.no the above-mentioned melting point can be prepa e7 

„T ; ' 3 COTdUCtiVe adhSSiVe ^ staining at least 
tm-lead or trn-antimony is able to realize the above-mentioned 
range o f the siting point. If the conductive adhesive agent 
s melted, re-fi xat io n easily occurs. Thus, separation and 
mclrnatron of the conductive connecting pin do not ^J" 

When the conductive adhesive agent is made of an alloy 
such as Sn/Pb, Sn/Sb, S„/Ag or S n/Sb/Pb, the strength of adhe ^ 

1 hTst7enX7 a d d „ " " " 0 K9/Pin - — 3ion : 

85 15 tbe Stren9th of adh «— Ending can be restrained. Even with 

Id t Stren3th ° f 3dhesl - b °"^ng °* the 

conductive connecting pin can be prevented. Moreover 
sepat lon inclination Qf ^ pln _ ^ ^ 

add ltl on also electrical connection can also be maintained 

17 has , ° f P " Sent -—"on claimed in claim 

g of at least one type of metal materials selected from copper 

a copper alloy, tin, zinc , aluminum and noble metal having 

th X e Ce p ln ent t h " eXibility - Theref ° re ' ^ — I- appiiel o 

L a re'sui/ T " "° ^ ^ ^ " *><>«»*• 

*« a result, the conductive connecting pin cannot easily be 

separated from the substrate. It is preferable that the c PP e 

bronL hTT" 119 C ° ndUCtiVe """9 ^ P^Phor 
30 e le t T eXCeUent -d satisfactory 

the d CharaCteriStiCS and ^ P-»it. easy processing of 
the conductive connecting pin. 

It is preferable that the conductive connecting pin is 

n7; C : 1 o edT " tyPePininC ° rPOratin9aPlatS - lite --^Po«io 
and a columnar connection portion projecting over the central 
35 portron of the plate-li ke secured portion. The plate-l"e 
secured portion is a portion which is, through the conductive 
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adhesive agent, secured to the conductive layer which is formed 
into the pad . The foregoing plate-like secured portion is formed 
into an arbitrary shape including a circular shape and a polygonal 
shape adaptable to the size of the pad. The shape of the 
• connection portion is required to permit insertion into another 
substrate. The shape may be any one of a cylindrical shape, 
a prismatic shape, a conical shape and a pyramid shape. Usually 
one pin is provided for the pin disposed at a usual position: 
Two or more connection portions may be provided. The number 
of the connection portions may arbitrarily be determined 

It is preferable that the columnar connection portion of 
the conductive connecting pin has a diameter of 0.1 „ to 0.8 
mm, the length of 1 . 0 mm to 10 m™ and the diameter of the columnar 
secured portion is 0.5 _ to 2 .„ The foregoing yalues ^ 

arbitrarily determined according to the size of the pad and the 
type or the lite of another substrate which must be mounted 

Another aspect of the present invention claimed in claim 
19 is able to absorb stress because the connection portion is 
deflected if the stress is applied to the conductive connecting 
Pin because the positions of the conductive connecting pin and 
the other substrate are deviated from each other. If warp of 
the substrate or the like occurs owing to heat hysteresis of 
the heat cycle condition, the secured portion is deflected to 
correspond to the deformation. Therefore, separation of the 
conductive connecting pin from the substrate can be prevented 
As a result, a reliable package substrate can be obtained 

The package substrate according to claim 19 may have a 
structure that a pad, to which the conductive connecting pin 
is connected, is covered with an organic resin insulating layer 
having an opening through which the pad is partially exposed 
As a result, if concentration of stress to the conductive 
connecting pin or deformation of the substrate takes place as 
described above, the structure that the pad is pressed by the 
organic resin insulating layer is able to prevent separation 
of the pad from the substrate, can be prevented. If sufficiently 
large strength of adhesive bonding cannot easily be obtained 
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in a case of bonding c , different mater 

as the metal pad and the interlayer resin insulating layer 
covering of the surface o, the pad „i th the organfc res ln 
insulatrng layer perraits great peeling h £ « - 

layer Ti.T ^ ^"^ """^ 
arger than that of the opening formed in the organic resin 

rr^VTe thr ; u9h which the pad is *> - ~ 

. thr0 u hte : P : g ad ZtT IT be ; xposed to the <™ 

thBn . g ' hat 1S ' the Periphery can be covered with 

e 17Z r T lnSUlatln9 layer - " 15 that h 

size of the pad rs such that the diameter of the pad is 1 02 

time to 100 ti.es the dialer of the opening of the organic 

r:::™^^ through which the - — sed r: 

-e dtalt « £££ ^ ^ ^ »~ ^ «- 

reliably be held by the ^ .^"^ ° f the P»° cannot 
y be neld by the organrc resin insulating laver 

of the h • mSter " lar9Sr than 100 "ising 

Spec f calf 31 ^ ^ C ° ndUCtiVe lay " iS ^hibited 

Specifically, when the diameter of the opening , or m ed i„ the 

of the pad is 110„m to 2,000/im. 

Another aspect of the present invention claimed in claim 

of at least one type of metal selected from copper, a copper 
^T^' alUml — al, exhibiting excenLt 

conn ctr" oi ' '« Mc » in * ^ conductive 

connecting p ln ls ]01ned to a conductlve 

inner layer, through the via hole, m addition to the effect 
that stress is absorbed owing to easy deflect ion of the conductive 

substrate can be enlarged so that the two elements are firmly 

in claim 19 has the structure that the pad, to which the conductive 
connecting pin ls secured, and the interlayer resin insulating 
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layer to which the pad is bonded are bonded to each other such 

at different materials are bonded to each other . On the o h 
hand the aspect claimed in this cl ai m has the structure that 
the pad is connected to the conductive layer which is the inner 

the connection between metal elements. Thus, hermetic 
contact can furthermore reliably be established and the peel 
strength of the pad can be enlarged. P 5 

The pad may be connected to the conductive layer, which 
' » the inner layer, through one or more via holes. The reason 
for this lies in that the area of contact of the pad can furthelre 
bee„ larg ed Thus, astructurewithwhichpeelingdoesnotelluy 
occur can be reaped. When the pad is connected to til 
conductrve layer, which is the inner layer, through the via hole 

of \ h h that V " h ° le 13 dlSP ° Sed in ths Periphery 
of the pad from a viewpoint of improving the connection 

character stic. Therefore, a structure may be formed such tat 

tourer thV:"^ ^ ^ ^ ^ "* ^ ^ * 

The pad of the build-up multilayer circuit plate to which 
he conductive connecting pin is secured may be so structured 
layer ""J™^ "° th * -^-tive layer, which is the inner 
layer through two or more iayers o f the via holes. According 

layers fTh °' ^ «*. two or more 

layers of the via holes may be constituted by one or more via 

to effe f Inei 1 therCaSe ' theS " If — e -f the pad can be enlarged 
to effectively enlarge the strength of adhesive bonding. When 
the via hole provided with the pad is covered with the organic 
resrn insulating iayer having the opening through which the pad 

reli I T h 6XPOSed t0 ° UtSlde ' «1»™tion of the pad can 
reliably be prevented. 

Anoth « ««P«ct of the present invention claimed in claim 
24 has a structure that the conductive layer on the core substrate 
is made to hermetically contact with the surface of the resin 
substrate through the coarsened surface (the mat surface, . When 
the pad is connected to the foregoing conductive layer 
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cT"! 0 ; ^ f int « la *« insulating layer 

the :* m ° re ; eliabl » be Also in a case wh e re 

may be provided for the core substrate * ' 

" t0 Sh ° rten the ^th of the electric wire from tZ 

opposite to the side surface provided with th~ 
conductive connecting pin Specific ,u 

to ^h. i ^ P specifically, the pad is connected 

to the land around the through hole and a filer filled It 
through hole through a via hole m ^ the 

xdyer. men, the pad may be connected to th~ 
conducts layer through the via hole. Moreover the A 
be connected to only the land „, t h ^ ,oreOT «, the pad may 
via hole. thr ° Ugh hole thr ° u 9n the 

Another aspect of the present invention claimed in claim 

32 has a structure th^-h in claim 

realized strength of adhesive bonding i s ab out 2.0 Kg/pi n In 
some cases, only unsatisfactory strength of adh 1 
of 1.5 Kg/pin can be realized What ad hesive bonding 

during mounting of the IC chits ""V" WO " e ' h -ting applied 
adhe.i P SOmetlmes causes the conductive 

adhesive agent to be melted Thus the ™ ^ . ■ 
~- • mus, the conductive conner-t -i r.™ 

Pin is undesirably separated and inclined If the 1 C ° nneCtln9 
is higher than 2«nr -x ■ ned ' " the melting point 

gner than 280 C, the resm insulating which is the resin 
layer and the solder resist layer are unsatisfactorily dissolved 
at a temperature at which the conductive adhesivl agent L 
dissolved. It is preferable that the temperature is 200^ to 
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260 C . When the conductive adhesive agent has the 
above-mentioned melting point, dispersion of the strength of 

adhesrve bonding o, the conductive connecting P i„ can be reduced 
Moreover, applied heat does not damage the resin layer which 
constitutes the package substrate. 

33 has^ 0 ?" ° f PreSSnt ln "»tion claimed in claim 

33 has a structure that the conductive adhesive agent is made 

st:" a rr ty r ofmateriaiseiectedfr ° mti - ^ ~ 

silver, gold and copper. Therpfnro ^ 

4. u . ff*"-- meretore, the conductive adhesive 

gent av the above _ ntioned ^ ^ ^ »e 

in particular, a conductive adhesive agent containing at least 
tin-lead or tin-antimony is able to realize the above-lnt oned 
range o the melting point. If the conductive adhesive ag 
rs melted, re-fixation easily occurs. Thus, separation and 
inclination of the conductive connecting pin do not occur 

When the conductive adhesive agent is made of an alloy 
suchasSn/eb, Sn/Sb, Sn, fl g or Sn/sb/Pb, the strength of adh ^ 

the st" 9 "I? 6 made t0 ^ K9/Pln - aspersion o 

20 the h T adh6SiVe b ° ndin9 Canb6 - St «^- E -n with 

C TcTs °° nditi0n and aPPlled —ting of 

' C = hlPS ' reduct "" « the strength of adhesive bonding of the 

.j, conducive connecting pin can be prevented. Moreover 

" X" " r lnClinati ° n ° f ^ P*» «- be prevented „ 

addrtion also electrical connection can be maintained. 

35 has aTt 7 SP8Ct ^ *~ « <=^» 

35 has a structure that the columnar connection portion of the 
conducts pin a constrlotion ^ °* 

diameter smaller than that of the other portions. Therefore, 
flexibility is imparted to the pin. Therefore, if stress 1 

i™: o : h econductivec ™ 

1 h h C ° nStricti0 " P°"ion. Therefore, stress can be 

absorbed so that easy separation of the conductive connecting 
pin from the substrate is prevented. 

35 , ^ " PreferaMe that the conductive connecting pin is 

35 -o-canedT-typepinincorporatingaplate-Ukesecuredporti:: 
and a columnar connection portion projecting over the central 
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portion of the plate-like secured portion. 

The plate-like secured portion is a portion which is 
through the conductive adhesive agent, secured to the conductive 
layer which is formed into the pad. The foregoing plate-like 
secured portion is formed into an arbitrary shape including a 
circular shape and a polygonal shape adaptable to the size of 
the pad. The shape of the connection portion is required to 
permit insertion into another substrate. The shape may be any 
one of a cylindrical shape, a prismatic shape, a conical shape 
and a pyramid shape. Usually, one pin is provided for the pin 
dxsposed at a usual position. Two or more connection portions 
may be provided. The number of the connection portions may 
arbitrarily be determined. 

It is preferable that the conductive connecting pin is 
structured such that the diameter of the plate-like secured 
portion is 0 . 5 mm to 2 . 0 mm, the diameter of the columnar connection 
portion is 0.1 mm to 0.8 mm and the length is 1 mm to 10 nun 
The foregoing values are arbitrarily determined according to 
the size of the package substrate which must be secured and the 
type or the like of another substrate which must be mounted. 

The constriction portion is formed at an intermediate 
position of the connection portion such that the diameter of 
the constriction portion is smaller than the diameter of the 
other portions . The diameter of the constriction portion varies 
according to the material of the conductive connecting pin and 
the size of the conductive connecting pin. It is an important 
fact that the foregoing diameter is not less than 
50 % nor more than 98 % of the diameter of the connection portion 
If the diameter of the constriction portion is smaller than 50 % 
of the diameter of the other portions, the strength of the 
connection portion is unsatisfactory. When the package 
substrate has been joined, deformation and breakage sometimes 
occur. If the diameter of the constriction portion is larger 
than 98 % of the other portion, predetermined flexibility cannot 
be imparted to the connection portion. Therefore, the effect 
of absorbing stress cannot be obtained. A plurality of the 
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constriction portions may be formed (see Fig. 33 (B) ) 

The ™t.ri.l of the conductive connecting pin according 
to the present invention is not limited if the material is a 
«t.l material . It is preferable that at least any one of metal 
materials, such as gold, silver, copper , nickel , cofaa 
and lead is employed to form the conductive connecting pin . flny 
one of an iron alloy having trade name "COBAL" <an alloy of 
Ni-Co-Fe) , stainless steel and a phosphor bronze which is a copper 
alloy is a preferred material because of an external electrical 
characteristic and satisfactory processability of the 
conductive connecting pin. Phosphor bron2e ha 
flexibility is able to satisfactorily absorb stress 

_ Another aspect of the present invention claimed in claim 

d J S f " .!° abS ° rb StrSSS be ° aUSe thS —nection portion is 
deflected if the stress is applied to the conductive connecting 
Pin because the positions of the conductive connecting pin and 
the other substrate are deviated from each other. If „arp of 
the substrate or the like occurs owing to heat hysteresis of 
the heat cycle condition, the secured portion is deflected to 
correspond to the deformation. Therefore, separation of the 
conductive connecting pin from the substrate can be prevented 
As a result, a reliable package substrate can be obtained ' 
The package substrate according to claim 37 may have a 
structure that a pad, to which the conductive connecting pin 
is connected, is covered with an organic resin insulating layer 
having an opening through which the pad is partially exposed 
As a result, if concentration of stress to the conductive 
connecting pin or deformation of the substrate takes place as 
described above, the structure that the pad is pressed by the 
organic resin insulating layer is able to prevent separation 
of the pad from the substrate, can be prevented. If sufficiently 
large strength of adhesive bonding cannot easily be obtained 
in a case of bonding of different materials to each other, such 
as the metal pad and the interlayer resin insulating layer 
covering of the surface of the pad with the organic resin 
insulating layer permits great peeling strength to be obtained 
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When the pad is covered with the organic resin insulating 
layer, it is an important fact that the size of the pad is somewhat 
larger than that of the opening formed in the organic resin 
insulatrng layer through which the pad is exposed to the outside 
5 As a result, the pad can partially be exposed to the outside 
through the opening. That is, the periphery can be covered with 
the organic resin insulating layer, it is preferable that the 
Size of the pad is such that the diameter of the pad is 1 02 
time to 100 times the diameter of the opening of the organic 
10 resin insulating layer through which the pad is exposed to the 
outside. If the diameter of the pad is smaller than 1.02 time 
the diameter of the opening, the periphery of the pad cannot 
reliably be held by the organic resin insulating layer 
Therefore, separation of the conductive connecting pin cannot 
15 be prevented. If the diameter is larger than 100 times, raising 
of the density of the conductive layer is inhibited. 
Specifically, when the diameter of the opening formed in the 
organxc resin insulating layer is 100 m to 1, 500/zm, the diameter 
of the pad is 110/*m to 2, 000 vm. 

Another aspect of the present invention claimed in claim 
41 has a structure that the connection portion of the conductive 
connecting pin has a constriction portion to obtain flexibility 
Moreover, the pad for securing the conductive connecting pin 
is 301 ned to the conductive layer, which is the inner layer 
through the via hole. Therefore, the area of contact between 
the pad and the substrate can be enlarged to firmly join the 
two elements. As described above, the aspect claimed claim 37 
has the structure that the pad, to which the conductive connecting 
pxn 1S secured, and the interlayer resin insulating layer to 
which the pad has been bonded are bonded to each other as bonding 
between different materials . This aspect has the structure that 
the pad is connected to the conductive layer which is the inner 
layer. Therefore, the two elements can reliably be made to 
contact hermeticaly with each other because metal elements are 
connected to each other. Therefore, the peeling strength of 
the pad can be enlarged. 
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The pad may be connected to the conductive layer, which 
J' ^ 1 " n " layer ' throu * ° ne or more via holes. The reason 

be enlarged to effectively prevent the separation, when the 
pad rs connected to the conductive layer, which is the inner 
layer, through the via hole, it is effective that the via hole 

;;;r; in ' he periphery of the pad - v ia ho ie 

may be formed rnto a ring shape and the pad may be disposed to 
cover the ring. 

1 Th e pad to which the conductive connecting pin of the 

build-up multilayer circuit plate is connected may be so 
structured as to be connected to the conductive layer, which 
« the rnner layer, through two or more layers of via holes. 
The two ormore layers of the via holes maybe one via hole according 
to the shape or the type of the package substrate. In either 
case, the surface area of the pad can be enlarged to effectively 
enlarge the strength of adhesive bonding. Mh en the via hole 
provided with the pad is covered with the organic resin insulating 
layer having the opening through which the pad is partially 
exposed to the outside, separation of the pad can reliably be 
prevented. y 

Another aspect of the present invention claimed in claim 
42 has a structure that the conductive layer of the core substrate 
" ^ t0 fimlY Contact » ith the surface of a resin substrate 
servrng as a core substrate through a coarsened surface (a mat 
surface), when a pad is connected to the foregoing conductive 
layer, the pad cannot easily be separated from the interlayer 
resrn insulating layer. Also in a case where the pad is joined 
to the conductive layer, which is the inner layer, through one 
or more via holes and two or more layers of via holes, the 
conductive layer, which is the inner layer, may be provided for 
the core substrate. 

According to another aspect of the present invention 
claxmed in claim 43, it is ab i e to elongate the length of the 
electric wire frozn the conductive connecting pin, which is an 
external terminal, to another substrate disposed on a side 
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surface opposite to the side surface for which the conductive 
connectingpin is prevented. Specifically, the pad is connected 
to the land around the through hole and a filer filled in the 
through hole through a via hole. Moreover, so-called "cover 
plating" may be performed such that the through hole is covered 
with a conductive layer. Then, the pad may be connected to the 
conductive layer through the via hole. Moreover, the pad may 
be connected to only the land of the through hole through the 
via hole. 

According to another aspect of the present invention 
clarmed in claim 50 has a structure that the strength of adhesive 
bonding with the conductive connecting pin can be made to be 
2 . 0 Kg/pin or greater because the melting point of the conductive 
adhesive agent is 180<C to 280°C . The foregoing strength is not 
considerably reduced even after the reliability test, such as 
a heat cycle test, or even after heat has been applied during 
mountmg of IC chips . If the melting point is lower than 180°C, 
realized strength of adhesive bonding is about 2.0 Kg/pin. In 
some cases, only unsatisfactory strength of adhesive bonding 
of 1.5 Kg/pin can be realized. What is worse, heating applied 
during mounting of the IC chips sometimes causes the conductive 
adhesive agent to be melted. Thus, the conductive connecting 
pin is undesirably separated and inclined. If the melting point 
is higher than 280°C, the resin insulating which is the resin 
layer and the solder resist layer are unsatisfactorily dissolved 
at a temperature at which the conductive adhesive agent is 
dissolved. It is preferable that the temperature is 200°C to 
260 °C . When the conductive adhesive agent has the 
above-mentioned melting point, dispersion of the strength of 
adhesive bonding of the conductive connecting pin can be reduced 
Moreover, applied heat does not damage the resin layer which 
constitutes the package substrate. 

Another aspect of the present invention claimed in claim 
51 has a structure that the conductive adhesive agent is made 
of atleastonetypeofmaterialselectedfromtin, lead, antimony, 
silver, gold and copper. Therefore, the conductive adhesive 
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agent having the above-mentioned melting point can be prepared 
In particular, a conductive adhesive agent containing at least 
tin-lead or tin-antimony is able to realize the above-mentioned 
range of the melting point. If the conductive adhesive agent 
is melted, re-fixation easily occurs. Thus, separation and 
inclination of the conductive connecting pin do not occur 

When the conductive adhesive agent is made of an alloy 
suchasSn/Pb, Sn/Sb, Sn/Ag or Sn/Sb/Pb, the strength of adhesive 
bonding can be made to be 2.0 Kg/pin. Moreover, dispersion of 
the strength of adhesive bonding can be restrained. Even with 
the heat cycle condition and heat applied during mounting of 
IC chips, reduction in the strength of adhesive bonding of the 
conductive connecting pin can be prevented. Moreover 
separation and inclination of the pin can be prevented. In 
addition, also electrical connection can be maintained. 

Other aspects claimed in claims 53 and 54 have the structure 
that a plane layer which is a conductive layer is formed on the 
surface of the substrate. Moreover, the conductive connecting 
pm is directly connected to the plane layer so that the electric 
resistance from an external substrate (for example, a daughter 
board) to the plane layer is reduced. Thus, supply of electric 
power from the daughter board can be facilitated. Therefore 
the plane layer constituting the power source layer has a 
satisfactory function. Also the plane layer constituting the 
earth layer is connected to the earth line of the daughter board 
through the conductive connecting pin having low resistance so 
that the foregoing plane layer has a satisfactory function for 
preventing noise. The plane layer may be formed into a mesh 
shape. The mesh can be formed by forming a square or a circular 
portion in which no conductor is formed (refer to Fig 50) 

Another aspect of the present invention claimed in claim 
56 has a structure that the pad, to which the conductive connecting 
Pin is secured, is covered with an organic resin insulating layer 
having an opening through which the pad is partially exposed 
to the outside . When the package substrate is j oined to another 
substrate, such as a mother board, through the conductive 
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connecting pi n, deviation of the position of the conductive 
connectingpinand that of the socket of themother board sometimes 
causes stress to be applied to the conductive connecting pin 
As an alternative to this, warp of the substrate occurs owing 
to heat hysteresis of theheat cycle condition, sometimes occurs 
Even in the foregoing case, the pad is held by the organic resin 
msulatmg layer to prevent separation from the substrate If 

be „bt Cient , ly 131:96 Str8ngth ° f adhESiVe b ° ndi "9 «>»<* easily 
be obtained rn a case of bonding between different materials" 

such as between the metal pad and the interlayer resin insulating 

lZll'J° V T 9 ^ 11,6 SUrf3Ce ° f ^ " lth thS <«"»*<= "-in 
msulatmg layer enables great peeling strength to be imparted 

Another aspect of the present invention claimed in claim 

of at? T CtUre C ° nducti - -nnecting P i„ is made 

of at least one type of metal materials selected from copper 
a copper alloy, tin, zinc, aluminum and noble metal having 
excellent flexibility. Therefore, when stress is applied to 
the pin, the pin is deflected so that the stress is absorbed. 
As a result, the conductive connecting pin cannot easily be 
separated from the substrate . !t is preferable that the copper 
alloy for constituting the conductive connecting pin is phosphor 
bronze which exhibits excellent flexibility and satisfactory 
electric characteristics and which permits easy processing of 
the conductive connecting pin. 

It is preferable that the conductive connecting pin is 

aso-calledT-typepinincorporatingaplate-like secured portion 
and a columnar connection portion projecting over the central 
portion of the plate-lite secured portion. The plate-lite 
secured portion is a portion which is. through the conductive 
adhesive agent, secured to the conductive layer which is formed 
into the pad. The foregoingplate-lite secured portion is formed 
into an arbitrary shape including a circular shape and a polygonal 
shape adaptable to the size of the pad. The shape of the 
connection portion is required to permit insertion into another 
substrate. The shape may be any one of a cylindrical shape, 
a prismatic shape, a conical shape and a pyramid shape . Usually 
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one pm as provided for the pin disposed at a usual position 
Two or more connection portions may be provided. The number 
of the connection portions may arbitrarily be determined 

" ls Parable that the columnar connection portion of 
the conductive connecting pin has a diameter of 0. 1 mm to 0 8 
mm, the length of 1 . 0 mm to 10 ™ and the diameter of the columnar 
secured portion is 0. 5 ™ to 2 . 0 mm. The foregoing values are 
arbitrarily determined according to the size of the pad and the 
type or the like of another substrate which must be mounted 

Another aspect of the present invention claimed in claim 
58 has a structure that the columnar connection portion of the 
conductive connecting pin has a constriction portion having a 
diameter smaller than that of the other portions. Therefore 
flexibility is imparted to the pi „. Therefore, if stress is 
applied to the conductive connecting pin, the connection portion 
is bent at the constriction portion. Therefore, stress can be 
absorbed so that easy separation of the conductive connecting 
pin from the substrate is prevented. 

It is preferable that the conductive connecting pin is 

aso-calledT-typepinincorporatingaplate-litesecuredportion 
and a columnar connection portion projecting over the central 
portion of the plate-like secured portion. 

The plate-like secured portion is a portion which is, 
through the conductive adhesive agent, secured to the conductive 
layer which is formed into the pad. The foregoing plate-like 
secured portion is formed into an arbitrary shape including a 
circular shape and a polygonal shape adaptable to the size of 
the pad. The shape of the connection portion is required to 
permit insertion into another substrate. The shape may be any 
one of a cylindrical shape, a prismatic shape, a conical shape 
and a pyramid shape. Usually, one pin is provided for the pin 
disposed at a usual position. Two or more connection portions 
may be provided. The number of the connection portions may 
arbitrarily be determined. 

It is preferable that the conductive connecting pin is 
structured such that the diameter of the plate-like secured 
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portion is 0 . 5 mm to 2 . 0 mm, the diameter of the columnar connection 
portion is 0.1 mm to 0.8 mm and the length is 1 mm to 10 mm 
The foregoing values are arbitrarily determined according to 
the size of the package substrate which must be secured and the 
type or the like of another substrate which must be mounted. 

The constriction portion is formed at an intermediate 
po Sltl on of the connection portion such that the diameter of 
the constriction portion is smaller than the diameter of the 
other portions . The diameter of the constriction portion varies 
according to the material of the conductive connecting pin and 
the size of the conductive connecting pin. It is an important 
fact that the foregoing diameter is no less than 50 % nor more 
than 98 % of the diameter of the connection portion. If the 
diameter of the constriction portion is smaller than 50 % of 
the diameter of the other portions , the strength of the connection 
portion is unsatisfactory. When the package substrate has been 
joined, deformation and breakage sometimes occur. If the 
diameter of the constriction portion is larger than 98 % of the 
other portion, predetermined flexibility cannot be imparted to 
the connection portion. Therefore, the effect of absorbing 
stress cannot be obtained. A plurality of the constriction 
portions may be formed. 

The material of the conductive connecting pin according 
to the present invention is not limited if the material is a 
metal material . It is preferable that at least any one of metal 
materials, such as gold, silver, copper, nickel, cobalt, tin 
and lead is employed to form the conductive connecting pin . Any 
one of an iron alloy having trade name "COBAL" (an alloy of 
Ni-Co-Fe) , stainless steel and a phosphor bronze which is a copper 
alloy is a preferred material because of an external electrical 
characteristic and satisfactory processability of the 
conductive connecting pin. Since phosphor bronze having 
external flexibility is able to satisfactorily absorb stress 

Another aspect of the present invention claimed in claim 
59 has a structure that the strength of adhesive bonding with 
the conductive connecting pin can be made to be 2.0 Kg/pin or 
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greater because the melting point of the conductive adhesive 
agent is 180 °C to 280 °C . The foregoing strength is not 
considerably reduced even after the reliability test, such as 
a heat cycle test, or even after heat has been applied during 
mounting of IC chips, if the melting point is lower than 180°C 
realized strength of adhesive bonding is about 2.0 Kg/pin In 
some cases, only unsatisfactory strength of adhesive bonding 
of 1.5 Kg/pin can be realized. What is worse, heating applied 
during mounting of the IC chips sometimes causes the conductive 
adhesive agent to be melted. Thus, the conductive connecting 
pin is undesirably separated and inclined. If the melting point 
is higher than 280t:, the resin insulating which is the resin 
layer and the solder resist layer are unsatisfactory dissolved 
at a temperature at which the conductive adhesive agent is 
dissolved. It is preferable that the temperature is 200°C to 
260 X: . When the conductive adhesive agent has the 
above-mentioned melting point, dispersion of the strength of 
adhesive bonding of the conductive connecting pin can be reduced 
Moreover, applied heat does not damage the resin layer which 
constitutes the package substrate. 

Another aspect of the present invention claimed in claim 
60 has a structure that the conductive adhesive agent is made 
ofatleastonetypeofmaterialselectedfromtin, lead, antimony, 
Silver, gold and copper. Therefore, the conductive adhesive 
agent having the above-mentioned melting point can be prepared 
In particular, a conductive adhesive agent containing at least 
tin-lead or tin-antimony is able to realize the above-mentioned 
range of the melting point. If the conductive adhesive agent 
is melted, re-fixation easily occurs. Thus, separation and 
inclination of the conductive connecting pin do not occur. 

When the conductive adhesive agent is made of an alloy 
such as Sn/Pb, Sn/Sb, Sn/Ag or Sn/Sb/Pb, the strength of adhesive 
bonding can be made to be 2.0 Kg/pin. Moreover, dispersion of 
the strength of adhesive bonding can be restrained. Even with 
the heat cycle condition and heat applied during mounting of 
IC chips, reduction in the strength of adhesive bonding of the 
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conductive connecting pin can k q 

4-- be P rev ented. Moreover 

separation and inclination of the pin can 

addition, also electrical Prevented, m 

electrxcal connection can be maintained. 

occurred in the metal h , and breakage have 

been detected that cracks have occurred owing to thermal s t 

process or when the duration of the heat cycle condition in which 
a hrgh temperature and a row temperature are repeated al th 

BGS z^^t^z^t of bonding betueen the 

satisfactory gr eat stren 9 th of adhesive TondL" ^ 

capabirollve 9 " 10 " 3 ^ ^ PM, °™ d l ° ° bta " * -"hod 
capable of overcorung the foregoing problem. fls a result a 

structure has been invented with which PGA nf ■ a 

is disposed in the opening of the s er ret^T ^ 

a cond i adhesive layer as m substitute - 

area ! ^ ^ ° f b ° ndln « « compared with the 

area permrtted by the BGA. Therefore, concentration of stress 
can be prevented, causing a crack and breakage in the joinLo 

extern!) K , 9 ' defecti ^ connection with an 

o r; l; R T n T can be prevented - sin - «» ^ough hole 

the PGA Theref """"^ d± ™ 

the PGA. Therefore, an equivalent degree of design freedom to 

that permitted by the EGA can be maintained 

The projecting pin may be inserted and disposed in a recess 
formed rn the periphery of the opening in the solder res!*: layer 
The P ro 3 ect lng p i„ may be disposed thrQ 

conductive adhesive layer. 

The electrical connection with the conductor circuit mav 
be established through a recess as a substitute for the opening' 
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The „„„ ■ terMl subs t«te »«hout any problem, 

ine opening must be electrir-»i i„ . 

rr^rriireietLTeT-r" 0 " — h - — 
—to, circuit ma ;r e r t :;";:r cal connection - ith ^ 

Preferred aspects of the present invention are as follows 
The opening in the solder res i », i = „„ 

ii tne diameter is smaller than 100,, m 
strength of adhesive bonding of the r, M 1», f • 

reduced Tf th= Projecting pin is sometimes 

oht ^ diameter is larger than 900 „ m, a merit 

Obtainable from the connection with an external su stratH 
flip-chip mounting can be canceled. When the recess for 
connecting the projecting p i„ is formed around the openZ Z 
^preferable that the diameter of the opening is JoTm tTso" 
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Two or more recess each having a diameter of 20„ m to 100 

opening TT' ^ Pr ° jeC " n9 ^ " ~ 

project 96 StrM9th ° f adhesi - ^ding of the 

to efght 1 " 9 ^ SOld " rSSiSt ' " 1S Arable that fir 

are , " ^. preferable that «<* of the opening and the recesses 
are formed into a circular shape. The reason for this lies L 
hat occurrence of a corner crac, can easily be prevented n 

The opening and the recesses are formed by any one of a 
Photo-via, laser, drill and punching. It is preferable t h t 
P -o-via is employed which is capable of simulta^ ^ ^ 
the opening and the recesses. When the metal layer is 
« the opening, the recesses may be formed by etching 

metal layer may be formed on the conductor circuit in 
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which the opening is exposed to the outside The m ^ , , 

conductor circuit ° f the ex P°sed 

metal layers may be laminated " ""^ 

.i.ct»u.7pi".MT r 7\ be formed by a raethod selected f - 

: 3 PU tte ri „ e s r i: z: :^T a T' subswt — 

latingL . La^e a~ m r £ 

can be formed and the cost can be reduced 

The conductive adhesive layer is formed by solder a 
brazmg material, granular substances and thermoplastic resin 
or granular substances and a thermosetting resxn It ls 

strength of adhesive bonding c^ "^rg^ a d " ^ 
of forming methods can be employed enlarged and a variety 

When the conductive adhesive layer is formed by the solder 
it rs preferable that solder which satisfies Sn-Pb - 1 I ' 

and which is usually employed for a printe, ^ « 

That rei ::r:v nclude the iead - - — 

ac 1C can be taken into consideration i n 
environment and moreover strength of adhesive ^ ^ 

The f°rmingmethodisarrangedsuchthatprinting Pottina 
resrst etching or plating is performed to embed ^ 

adhesive layer in the opening. Another method may be mpled 

with whrch the adhesive surface of the projecting pin is subjected 

to platmg or potting to form the solder adhesive layer "as 
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to be melted owing to heat or the like. 

When the adhesive layer is formed by the brazing material 
it is preferable that a metal brazing material constituted by 
one or more materials selected from gold, silver, copper" 
» Phosphorus, nicRel, palladium, zinc, indium, molybdenum and 
manganese. In particular, it is preferable that an eutectic 
brazing material called a "silver brazing material" or a "gold 
brazing material" is employed. The brazing method is performed 

i IT h h" 9 matSrial f ° rmed lnt ° 3 shape is 

introduced into the opening so as to be melted so that the adhesive 

layer is formed. Another method may be employed with which 

coating of portions except for the opening is performed. Then 

immersion is performed so that the material is filled in the 

opening Another method has the steps of forming a brazing 

e cTd °" 3dheSiVe SUrfaCS ° f the P«J-«in, »tJ 

electrode, performing heating and melting to introduce the 

brazing material into the opening. As an alternative to this 
all usual methods may be employed. 

When the adhesive layer is formed by the granular 
substances and the thermoplastic resin or the thermosetting resin 
it is preferable that the granular substances are made of at' 
least one of metal particles, inorganic particles and resin 
particles . 

The metal particles of the granular substances may be a 
metal material, such as copper, gold, silver, nickel, aluminum, 
titanium, chrome, tin, palladium or platinum. Either of the 
foregoing metal material may be employed or an alloy of two or 
more metal materials may be employed. 

The shape of the metal particles may be a spherical shape, 
a polygonal shape or a mixed shape of the spherical shape and 
the polygonal shape. The inorganic particles of the granular 
substances may be silica, alumina, mullite or silicon carbide 

The shape of the inorganic particle may be a spherical 
shape, a polygonal shape, a porous shape or a mixed shape of 
the spherical shape and the polygonal shape . The surface layer 
of the inorganic particle is coated with conductive substance 
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substances, such as a metal layer or a conductive resin so that 
conductivity is parted to the inorganic particles 
subst " " Pref eraWe that the r ^±n Particles of the 9 ranular 
resin and amno resin. Conductive resin, such as anisotropic 

ztr resin ' - be — - *» - -rZ 1 : 

The surface layers of the inorganic particles are coated 

resin, so that conductivity is imparted to the resin particles 
It i. preferable that epoxy resin is employed The reason f ' 
this lies in that satisfactory adhesiveness Lh the oled Test 
can be reaped and the linear expansion coefficients are similar 

* ^ pcixuicies or the resin particles i n i 
*» to 50,-. „ the particle size is smaller 

20 ca t • COndUCtl ° n — tl »" be established. I 

the particles into the opening deteriorates 

It is preferable that the filling factor of the metal 

z :: to;;:: 6 inor r ic particies - tha — p.«^ 

25 ! ac P " Ctt °f eOVerallTOl — -30„t%to90„t*. If the foregoing 
factor is lower than 30 „ts, the electrical connection cannot 

th°r tt eStabUShed - » «» "«or is higher than " 

^strength of adhesive bonding „ith the projecting pin is 

The resin for filling the inslde 
may be thermosetting resin or thermoplastic resin 

JT, thern,OSetti "9 r esin may be at least one material 
se ec ed from a group consisting of epoxy resin, polyimide res Z, 
polyester resin and phenol resin. 

selectId e f th8rmOPlaStlC re3ln bS " 16331 3ny °™ °t -trials 
selected from a group consisting of epoxy resin, fluorine-resin 

polyethylene terephthalate (PET) , 3uch 
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Pdytetrafluoroethylene (pTFE) 

tetrafluoride-propylene hexafln . ethylene 

ethylene tetrafluoride perfl ^ (raP > °* 

Polysul.on (PSF); polyp^r^ (P*> , 

5 Polyphenylether (p PE ) • DolvofK ( S) ' the rmoplastic 

<p«); poiw*^. ^ tZ" sulf r <PES »-- poiy- herlraide 

The most preferred re,i . P°lyolefine resin. 

^ the epoxy resin . ^^t ^ * ^ 
>° solvent is not retired to^JtlT^"'" ^ ^ 

strength, heat resistance 3 ^'""ty and satisfactory 
realized. "Mimical resistance can be 

To adjust the viscosity of the fin. 
with organic solvent, water addit r6Sln may be mixed 

5 The , tanul „ sub stanc s ' S " ZVue ' 

by a mixer or the like to „„ if reSin are mix ed 

the resin. Th en, the materials 2^ 7"^ 

»»«. the thermosetting re Jt edint0the0Peni ^. 
"lied in the opening by IZZa " ^ ^ " 
Electing pln is i^L^^Z."^^ Th «' «» 
-that joining is performed. ^^T^^ '° °^ 
solvent in the resin, vacuum or reduced ore ^ SXCeSS 

be performed. The „, thermosettrn mat * f 

When the thermoplastic resTn rs , Perf ° rmed - 
-ded into a tablet shape. The " t £ ^' «» ™» * 
into the output, and then heatina lntrodu =^ 
meeting p in is inserted. I the 

tablets are joined to the bonding s fa e o r ;: r e " ^ 

andthenheatingandmeltingareperfoled V hen P :: JeCtin9Pin - 
P« is inserted into the opening ' thepro i eo «ng 

-P. <* the project t ."^T VT^"" 9 ^ 
— a pyramid shape or I pol ^ ' a TV^T^ 

a P e - it the employed 
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shape permits insertion i nhn n, 

externa! substrate anv T c °^«ion portion of an 

ostrate, any shape may be employed 

It is preferable that the height of t k= ' ■ 
satisfies a range from 5„m to 50„m feting pin 

surface^^r^ that . " WO ° f •»» » f the bon d in g 
the opening ^T^L^ 7^. *> °» »« 

Pa.tioular^tispreferabl^^irtrorrcVtoT^b 4 ' ^ 
the process for bondina f ho . ■ • ' " 2 becaus e 

^facilitated. ' ^ *° ^ *» nin ' "«» 

erect at a right J^T^^T'^'"^'^ 

shape z:::^z^ ^ti surface -* be «•< ~ • 

around the opening the pin sh ' " 18063365 f -med 

'« bonding I'rfl? " ^r!™ ^ 

bonding of the m„ strength of adhesive 
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least any "ne^f t ; e b S ol ^ ^ * made of at 

copper, nilel oba u ;r; 9 r, erialS: ^ '"™" ^on, 
Preferable that iron ' ^ ln P»"icul. r# it is 

* employed. ™ ^ ^ - • jopper alloy 

— . the fore;!;;::::?; for the pga - 

Processes for forming projections. * "'"^ ° f 

The projecting pi„ may be made of a sole met, l , ■ 
an alloy or formed into a s tr,, w material, 
-de of gold, silver or n , T T"" " m6tal ^ 

» ' —re covered I r m^Tf' C ™°" 

"^ar;: at * c — 

o.erail body of £ p^ecr" 9 " °' ^ ^ Th * 

basic structure Jav be * ■ * Mde ot " t « 1 ° r the 

s- as ce^r ^^^J^^ 
satisfactory strength of the p n Then ' " 
- coated with a metal iayer J-to^^^^™ 



31/119 



connection. 



20 



25 



30 



35 



In the present invention, the conductive adhesive layer 
the jornt-permissible projecting pin or the metal layer the 
conductive adhesive layer and the joint-permissible projecting 
5 pm are provided for the opening of the solder resist The 
projecting pin is inserted into the connection portion of the 
external substrate so that the conductor circuit formed in the 
package substrate and the external substrate are electrically 
connected to each other. "cany 

The projecting pin is so structured as to be inserted into 
the connection portion of the external substrate. Therefore 
when crimping is performed during mounting on the external 
substrate concentration of stress to the projecting pin can 
be relaxed Therefore, occurrence of a crack and breakage of 

o n HIT ClrCUU " KhlCh h0 " S the pectin, 

pin can be prevented. 

As compared with the substrate having the EGA, a large 
:o lni ng area can be permitted between the PGA and the adhesive 

10o7h' There '° re ' " hSat ^ conditions are maintained for 
1000 hours or longer, occurrence of a crack and breakage of the 
projecting pin and the holding portion can be prevented. 

Brief Description of Drawings 

a orocf 93 ; 1 1 (b) ' 1 ^ 1 (d) di3 ^ S Sh --g 

a process for manufacturing a package substrate according to 

a first embodiment of the present invention; 

Figs 2 (a), 2 (b) , 2 (c) and 2 (d) are diagrams showing 
a process for manufacturing a package substrate according to 
the f lrst embodiment of the present invention; 

Figs. 3 (a), 3 (b) , 3 (c) and 3 (d) are diagrams showing 
a process for manufacturing a package substrate according to 
the first embodiment of the present invention; 

Figs. 4 (a), 4 (b), 4 (c) and 4 (d) are diagrams showing 
a process for manufacturing the package substrate according to 
the first embodiment of the present invention; 

Fig. 5 is a diagram showing a process for manufacturing 
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the package substrate according to the first embodiment- 

Fig. 6 is a diagram showing a process for manufacturing 
the package substrate according to the first embodiment - 
« , Fig. 7 is a cross sectional view showing the package 
5 substrate according to the first embodiment; 

Fig . 8 is an enlarged cross sectional view showing a portion 
xn which a conductive connecting pin is connected to a pad L 
a state shown in Fig. 7; P 

10 1 of t^t 9 ^ 3 Cr ° SS SeCtional view showing an example 

no emb ° diment ' ^ ^ 9 <B, is a view B shown in 

* ig. 9 (A) ; 

auhq , F ' g ' 10 13 8 Cr ° SS secti onal view showing a package 
substrate according to second modification of the fi rst 
embodiment; lrst 

th FLg ' ^ iS 3 Cr ° SS secti °nal view showing example 1 of 
the second modification; 

of a J 1 !" ^ (A ^ SaCrOSSSeCtionalv iew showing a pad portion 
of a package substrate according to example 2 of the second 
modification and 12 (B) is a view B of Fig. 12 (A); 

Fig. 13 (A) is a cross sectional view showing a pad portion 
of a package substrate according to example 3 of the second 
modification and 13 (B) is a view B of Fig. 13 (A) ; 

_ Fl9 ' 14 13 3 Cr ° SS sec tional view showing example 4 of 
the second modification; 

suhqt F ' 9 ' 15 ^ 3 Cr ° SS secti °nal view showing a package 
substrate according to a third modification; 

Fig. 16 is a cross sectional view showing example 1 of 
the third modification; 

th , J 19 ' 17 ±S 9 Cr ° SS sec tional view showing example 2 of 
the third modification; 

Fig. 18 is a graph showing results of evaluation of the 
package substrate according to the modifications of the first 
embodiment; 

Fig. 19 is a diagram showing a process for manufacturing 
a package substrate according to a second embodiment; 

Fig. 20 is a cross sectional view showing the package 
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substrate according to the second embodiment; 

Fig. 21 is an enlarged cross sectional view showing a 
portion in which the conductive connecting pin shown in Fig 
20 is connected to the pad; 

Fig. 22 is a cross sectional view showing a package 
substrate according to example 1 of the second embodiment; 

Fig. 23 is a cross sectional view showing a package 
according to a first modification of the second embodiment; 

Fig. 24 (A) is a cross sectional view showing a pad portion 
of the package substrate according to example 1 of the first 
modification of the second embodiment and Fig. 24 (B) is view 
B shown in Fig. 24 (A); 

Fig. 25 (A) is a cross sectional view showing a pad portion 
of a package substrate according to example 2 of the first 
modification of the second embodiment and Fig. 25 (B) is view 
B of Fig. 25 (A); 

Fig. 26 is a cross sectional view showing example 3 of 
the first modification of the second embodiment; 

Fig. 27 is a cross sectional view showing a package 
substrate according to a second modification of the second 
embodiment; 

Fig. 28 is a cross sectional view showing example 1 of 
the second modification of the second embodiment; 

Fig. 29 is a cross sectional view showing example 2 of 
the second modification of the second embodiment; 

Fig. 30 is a graph showing results of evaluation of the 
package substrates according to the modifications of the second 
embodiment; 

Fig. 31 is a diagram showing a process for manufacturing 
a package substrate according to a third embodiment; 

Fig. 32 is a cross sectional view showing the package 
substrate according to the third embodiment; 

Fig. 33 (A) is an enlarged cross sectional view showing 
a portion in which the conductive connecting pin shown in Fig 
32 is connected to the pad and Fig. 33 (B) is a cross sectional 
view showing a modification of the conductive connecting pin; 



34/119 



third embodiment; modification of the 



embodiment; mOdlfi -«0n of the third 



modification of the third p„k h ■ exam P le 1 of the fxrst 

cne rnxrd embodiment and Fia 3fi /n\ ■ 
3 B of Fig. 36 (A)- (B) 1S Vlew 

modification of the thirrf ^ • iirst 

Lne tnird embodiment and Fia 37 tn\ 4 a ■ 
B of Fig. 37 ( A) . 9- J/ {B > ls view 

e Xarapl e F Tof 8 t[e f showin, 
Fig 39 1 T m ° dlfiCati °" ° f third embodiment; 

substrat ' a ording Tl ^"j^ ^ ^"i" 9 « 
embodiment; ' m0difi ««°n of the third 

the Fl9 : 40 15 3 Cr ° SS Secti °" al ^ew showing example 1 of 
the second modification of the third embodiment; 

ig- 41 is a cross sectional view showino «»»,„,„ , „ 
the second modification of the third embodiment, 

tig. 44 is a diagram showing a process f nr ™ 
«- Pac.ge substrate according \ a 'tZZS^^T 

3ubstri::- a i:o;d s i„; c t r : s ; ;;;:r a i.r iew ^ > — 

embodiment; ' m ° dlfl «tion of the fourth 

fig. «7 is an enlarged cross sectional view showing a 
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portion in which the conductive connecting pin shown in Fig. 
4 6 is connected to the pad; 

Fig. 48 is a cross sectional view showing a package 
substrate according to a second modification of the fourth 
5 embodiment; 

Fig. 49 is an enlarged cross sectional view showing a 
portion in which the conductive connecting pin shown in Fig. 
4 8 is connected to the pad; 

Fig. 50 is a plan view showing a plane layer according 
10 to the fourth embodiment; 

Fig. 51 is a graph showing results of evaluation of the 
package substrates according to the fourth embodiment; 

Figs. 52 (A), 52 (B) , 52 (C) and 52 (D) are diagrams showing 
a process for manufacturing a package substrate according to 
15 a fifth embodiment; 

Fig. 53 (E), 53 (F) , 53 (G) and 53 (H) are diagrams showing 
a process for manufacturing the package substrate according to 
the fifth embodiment; 

Figs. 54 (I), 54 (J), 54 (K) and 54 (L) are diagrams showing 
a process for manufacturing the package substrate according to 
the fifth embodiment; 

Figs. 55 (M) , 55 (N) , 55 (0) and 55 (P) are diagrams showing 
a process for manufacturing the package substrate according to 
the fifth embodiment; 

Figs. 56 (Q) and 56 (R) are diagrams showing a process 
for manufacturing the package substrate according to the fifth 
embodiment; 

Fig. 57 is a cross sectional view showing the package 
substrate according to the fifth embodiment; 

Figs. 58 (Q), 58 (R) and 58 (S) are diagrams showing a 
process for manufacturing a package substrate according to a 
first modification of the fifth embodiment; 

Fig. 59 is a cross sectional view showing a package 
substrate according to the first modification of the fifth 
embodiment of the present invention; 

Fig. 60 is a cross sectional view showing a state in which 
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an IC chip has been mounted on the package substrate according 
to the fifth embodiment; 

Fig. 61 (A) is a cross sectional view showing the IC chip 
according to the fifth embodiment and Fig. 61 (B) is an enlarged 
view showing portion H shown in Fig. 60; 

Figs. 62 (A), 62 (B) and 62 (C) are diagrams showing a 
process for manufacturing a package substrate according to a 
second modification of the fifth embodiment; 

Figs. 63 (D) and 63 (E) are diagrams showing the package 
substrate according to the second modification of the fifth 
embodiment; 

Fig. 64 is a diagram showing a process for manufacturing 
a package substrate according to a third modification of the 
fifth embodiment; 

Figs. 65 (A), 65 (B) and 65 (C) are diagrams showing a 
process for manufacturing a package substrate according to a 
fourth modification of the fifth embodiment; 

Figs. 66 (A) and 66 (B) are diagrams showing a process 
for manufacturing a package substrate according to a fifth 
modification of the fifth embodiment; 

Figs. 67 (A), 67 (B) and 67 (C) are diagrams showing a 
process for manufacturing a package substrate according to a 
sixth modification of the fifth embodiment; 

Figs. 68 (D) and 68 (E) are diagrams showing a process 
for manufacturing the package substrate according to the sixth 
modification of the fifth embodiment; 

Fig. 69 (A) is a cross sectional view showing a package 
substrate according to a seventh modification of the fifth 
embodiment and Fig. 69 (B) is a cross sectional view showing 
a package substrate according to an eighth modification of the 
fifth embodiment; 

Figs. 70 (A) and 70 (B) are diagrams showing a process 
for manufacturing a package substrate according to the 
modification of the fifth embodiment; 

Figs. 71 (A), 71 (B) , 71 (C) , 71 (D) , 71 (E) and 71 (F) 
are diagrams showing a projecting pin according to each 
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modification of the fifth embodiment; 

Figs. 72 (A), 72 (B) and 72 (C) are diagrams showing a 
process for manufacturing a package substrate according to a 
ninth modification of the fifth embodiment; 

Figs. 73 (D) and 73 (E) are diagrams showing a process 
for manufacturing a package substrate according to the ninth 
modification of the fifth embodiment; 

Fig. 74 is graph showing results of experiments of the 
package substrates according to the fifth embodiment and 
comparative examples; 

Fig. 75 is a cross sectional view showing a package 
substrate according to the sixth embodiment of the present 
invention; and 

Fig. 76 is a cross sectional view showing a conventional 
15 package substrate. 
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Best Mode for Carrying Out the Invention 
<First Embodiment> 

Referring to Figs. 1 to 8, a package substrate according 
to a first embodiment will now be described together with a method 
of manufacturing a build-up substrate . Although the following 
method is performed by a semi-additive method, a full additive 
method may be employed. 

(1) Initially, a core substrate having a conductive 
layer formed on the surface thereof is manufactured. The core 
substrate may be a copper-clad laminated pad incorporating a 
resin insulating substrate, such as a glass epoxy substrate, 
a polyimide substrate or a bismaleimide-triazine resin substrate 
which has two surfaces to each of which copper foil 8 has been 
30 bonded (refer to Fig. 1 (a) ) . The copper foil 8 has either side 
formed into a coarsened surface (a mat surface) so as to be made 
to firmly contact with the resin substrate. A through hole is 
formed in the substrate by drilling, and then electroless plating 
is performed so that a through hole 9 is formed. It is preferable 
that the electroless plating operation is performed by copper 
plating. Then, a plating resist is formed, and then an etching 
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process is performed to form a conductive layer 4. Note that 
electee plating may be performed to enlarge the thickness of 
the copper foil. It is pre f arable that also electric plating 
is copper plating. After electric plating has been performed, 
the surface of the conductive layer 4 and the inner wall of the 
through hole 9 may be coarsened surfaces 4a and 9a (refer to 
Fig. 1(b)). 

The coarsening method is exemplified by a blackening 
(oxidizing) -reducing process, a spray process using mixed 
solution of organic acid and cupric salt complex and a 
needle-shape alloy plating of Cu-Ni-P. 

Then, the obtained substrate is cleaned with water, and 
then dried. Then, a resin filler 10 is filled in between the 
conductive layers 4 on the surface of the substrate and the inside 
portion of the through hole 9, and then drying is performed (see 
Fig- 1 (c) ) . Then, an unnecessary portion of the resin filler 
10 on the two sides of the substrate is ground by performing 
belt-sander grinding to expose the conductive layer 4 Thus 
the resin filler 10 is mainly hardened. A recess formed between 
the conductor layers 4 and the through hole 9 are plugged so 
that the substrate is flattened (see Fig. 1 (d ) ) . 

Then, the exposed surface of the conductive layer 4 is 
again provided with a coarsened layer 11 (see Fig. 2(a)). Note 
that a portion indicated with a circle shows the enlarged 
conductive layer 4 provided with the coarsened layer 11 i t 
xs preferable that the coarsened layer 11 i s constituted by a 
needle alloy of Cu-Ni-P or a porous alloy layer. As an 
alternative to this, the coarsened layer may be formed by a 
blackening (oxidizing) -reducing process or an etching process 
When the Cu-Ni-P needle alloy layer or the porous alloy layer 
is employed, it is preferable that "INTERPLATE" which is trade 
name of Ebara Yusilight is employed. It is preferable that the 
etchmg process is performed by using MECetch Bond which is trade 
name of MEC. 

35 (2 ) A resin insulating layer 2 consisting of resin layers 

2a and 2b is formed on each of the two sides of a circuit substrate 
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xncorporating the conductive layer 4 formed in step (1) (se e 
Fig. 2 (b) ) . The resin insulating layer 2 serves as an interlayer 
resxn insulating layer 52 for a package substrate, as described 
later. 

5 The resin insulating layer (hereinafter called the 

"xnterlayer resin insulating layer 52") is made of a material 
exemplified by thermosetting resin, thermoplastic resin and 
thexr mixture resin. It is preferable that the resin insulating 
layer 2 is made of an adhesive agent for electroless plating. 
10 The most suitable adhesive agent for electroless plating is acid 
subjected to a hardening process or a material obtained by 
dxspersing heat-resisting resin particles, which is soluble in 
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an oxxdizer, in a refractory and non-hardened heat-resisting 
resin. As described later, a process using solution of the 
oxxdizer is performed so that heat-resisting resin particles 
are removed. Thus, a coarsened surface incorporating anchors 
m the form of an octopus trap on the surface thereof can be 
formed. 

It is preferable that the hardened heat-resisting resin 
particles of the adhesive agent for electroless plating are (1) 
heat-resisting resin powder having an average particle size of 
lO^m or smaller or (2) mixed particles of particles having a 
relatively large average particle size and particles having a 

relatively small average particle size. Thus, more complicated 
anchors can be formed. 

The adaptable heat-resisting resin may be, for example, 
epoxy resin (bis-A type epoxy resin, cresol novolac type epoxy 
resxn or the like) , polyimide resin or a composite material of 
the epoxy resin and the thermoplastic resin . The thermoplastic 
resxn which must be combined may be polyether sulfon (PES) 
polysulfon (PSF) , polyphenylene sulfon (PPS) , polyphenylene 
sulfide (PPES), polypheny 1 ether (PPE) or polyether imide (PI) 
The heat-resisting resin particles which are dissolved in acid 
or solution of the oxidizer is exemplified by epoxy resin (it 
is preferable that epoxy resin hardened by amine hardener is 
employed) amino resin or rubber, such as polyethylene rubber 
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polybutane rubber, polybutadiene rubber or polybutyne rubber 
The xnterlayer resin insulating layer is formed by coating or 
heating and pressing a resin film. 

The resin film may be made of a material in which particles 
(hereinafter called "soluble particles") which can be dissolved 
m ac ld or an oxidizer are dispersed in resin (hereinafter called 
"refractory resin") which is refractory in acid or the oxidizer 

The expressions "refractory" and "soluble" employed in 
the present invention are defined such that a material which 
exhibits relatively high dissolving rate when the material is 
immersed in solution containing the same acid or an oxidizer 
for the same time is called "soluble" for convenience. On the 
other hand, a material exhibiting relatively low dissolving rate 
is called "refractory" for convenience. 

The foregoing soluble particles are exemplified by resin 
particle (hereinafter called "soluble resin particles") which 
are soluble in acid resin or the oxidizer, inorganic resin 
particles (hereinafter called "soluble inorganic particles") 
which are soluble in acid or the oxidizer and metal particles 
(hereinafter called "solublemetal particles") which are soluble 
in acid or the oxidizer. The foregoing soluble particles may 
be employed solely or two or more types of the particles may 
simultaneously be employed. 

The shape of the soluble particle is not limited. The 
shape may be a spherical shape, a crushed shape or the like 
It is preferable that the soluble particles have a uniform shape 
In the foregoing case, a coarsened surface having asperities 
exhibiting uniform roughness can be formed. 

It is preferable that the average particle size of the 
soluble particles is 0 . 1 » m to 10 M m. If the particle size 
satisfies the foregoing range, particles having two or more 
particle sizes may be contained. For example, a mixture is 
exemplified which contains soluble particles having an average 
particle size of 0 . 1 „ m to 0 . 5 u m and soluble particles having 
an average particle size of 1 u m to 3 » m. As a result, a 
furthermore complicated coarsened surface can be formed 
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Moreover, excellent adhesiveness with the conductor circuit can 
be realized. In the present invention, the "particle size" of 
the soluble particles is the length of the longest portion of 
the soluble particles. 

The soluble resin particles are exemplified by particles 
made of thermosetting resin, thermoplastic resin or the like. 
If the particles are immersed in solution composed of acid or 
the oxidizer, the soluble resin particles must have a dissolving 
rate higher than that of the refractory resin. Any particles 
satisfying the foregoing requirement may be employed. 

The soluble resin particle is exemplified by epoxy resin, 
phenol resin, polyimide resin, polyphenylene resin, polyolefin 
resin and fluorine resin. The foregoing resin may solely be 

employedormixtureoftwoormoreresinmaterialsmaybe employed. 

The soluble resin particles may be resin particles made 
of rubber. The foregoing rubber is exemplified by a variety 
of denaturedpolybutadiene rubber, such as polybutadiene rubber, 
epoxy denatured rubber, urethane denatured rubber or (met a) 
acrylonitrile denatured rubber and ( me ta) 

acrylonitrile. butadiene rubber containing carboxylic group 
When any one of the foregoing rubber materials is employed, the 
soluble resin particles can easily be dissolved in acid or the 
oxidizer. That is, when the soluble resin particles are 
dissolved by using acid, except for strong acid, acid is able 
to dissolve the soluble resin particles . When the soluble resin 
particles are dissolved by using the oxidizer, permanganic acid 
having relatively weak oxidizing effect is able to dissolve the 
soluble resin particles. When chromic acid is employed, only 
a low concentration is sufficient to dissolve the soluble resin 
particles. Therefore, the acid or the oxidizer does not remain 
on the surface of the resin. As described later, when catalysts 
of palladium chloride or the like are supplied after the coarsened 
surface has been formed, failure of supply of the catalysts or 
undesirable oxidation of the catalysts can be prevented. 

The soluble inorganic particles may be made of at least 
one material selected from a group consisting of an aluminum 
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compound, a calcium compound, a potassium compound, a magnesium 
compound and a silicon compound. 

The foregoing aluminum compound is exemplified by alumina 
and aluminum hydroxide. The calcium compound is exemplified 
by calcium carbonate and calcium hydroxide. The potassium 
compound is exemplified by potassium carbonate. The magnesium 
compound is exemplified by magnesia, dolomite, basic magnesium 
carbonate. The silicon compound is exemplified by silica and 
zeolite. The foregoing material may be employed solely or two 
or more materials may simultaneously be employed. 

The soluble metal particles may be particles made of at 
least one material selected from a group consisting of copper, 
nickel, iron, zinc, lead, gold, silver, aluminum, magnesium,' 
calcium and silicon . The foregoing soluble metal particles may 
be coated with resin or the like in order tomaintain the insulating 
characteristic. 

When two or more types of the foregoing soluble particles 
are employed in a mixed manner, it is preferable that the 
combination of the two types of the soluble particles which must 
be mixed with each other is a combination of resin particles 
and inorganic particles. Since the two types of the particles 
have low conductivity, the insulating characteristic of the resin 
film can be maintained. Moreover, the thermal expansion can 
easily be adjusted with respect to the refractory resin. Thus, 
occurrence of a crack of the interlayer resin insulating layer 
constituted by the resin film can be prevented. Therefore, 
separation between the interlayer resin insulating layer and 
the conductor circuit can be prevented. 

If the foregoing refractory resin is able to maintain the 
shape of the coarsened surface formed by adding acid or the 
oxidi zer to the interlayer resin insulating layer, the refractory 
resin is not limited to a specific resin. The refractory resin 
is exemplified by thermosetting resin, thermoplastic resin and 
their composite material. Photosensitive resin obtained by 
imparting a photosensitive characteristic to the foregoing resin 
may be employed. When the photosensitive resin is employed, 
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an opening for a via hole can be formed in the interlayer resin 
insulating layer by performing exposure and development 
processes. 

Among the foregoing materials, it is preferable that a 

5 ferial containing the thermosetting resin is employed. Thus 
the shape of the coarsened surface can be maintained against 
the plating solution and a variety of heating processes 

The refractory resin is exemplified by epoxy resin, phenol 
resin polyimide resin, polyphenylene resin, polyolefin resin 
10 and f luorine resin. The foregoing resin may solely be employed 
or their mixture may be employed. It is preferable that epoxy 
resin containing two or more epoxy groups in one molecule thereof 
xs employed. Since the foregoing coarsened surface can be formed 
and excellent heat resistance can be realized, concentration 
L5 of stress to the metal layer can be prevented even under the 
heat cycle conditions. As a result, separation of the metal 
layer or the like can be prevented. 

The epoxy resin is exemplified by cresol novolak epoxy 
resin, bis phenol A epoxy resin, bis phenol F epoxy resin, phenol 
novolak epoxy resin, alkyl phenol novolak epoxy resin, bis phenol 
F epoxy resin, naphthalene type epoxy resin, dicyclopentadiene 
epoxy resin , an epoxy material of a condensate of a phenol material 
and an aromatic aldehyde having phenol hydroxyl group 
tnglycidyl isocyanate and alicyclic epoxy resin. The 
foregoing material may solely be employed or two or more types 
may simultaneously be employed. Thus, excellent heat 
resistance can be realized. 

It is preferable that the soluble particles in the resin 
fxlm according to the present invention are substantially 
uniformly dispersed in the foregoing refractory resin. Thus 
a coarsened surface incorporating asperities having uniform 
roughness can be formed. If a via hole or a through hole is 
formed in the resin film, the adhesiveness of the metal layer 
of the conductor circuit which is formed on the foregoing holes 
can be maintained. A resin film containing soluble particles 
xn only the surface layer on which the coarsened surface will 
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or the oxidizer Thus the T SXP ° Sed t0 the 

5 layer can reliably be maintained. insulating 

diso "h" Preferable that the -ount of the soluble particles 
dispersed ln the refractory resin of the foregoing resin fi^ 
is 3 wt% to 40 wt% with respect to the resin film ~ Z 
of the mixed soluble particles is lower than 3 wt^ the " 
10 surface having required asperities T c °*rsened 
If i- ho a * as Penties cannot sometimes be formed 

1 ? lar9er than 40 the ^ <*»«<» <* th ; 

interlayer resm insulating layer constituted by the resin f Til 

:::::: be maintained - as a — s 0 r t L: 



and 13 PrefeMble that the «sin £il m contains a hardener 

and other components as well as the refractory resin. 

The hardener is exemplified by an imidazole hardener an 
amme hardener, a g uanidine hardener, epoxy aduct of the 

ardener into a microcapsul and an organic phosphine compound 

tri Phenylphosphine or >, , 

25 Phosphonium.tetraphenyl borate retraphenyl 

is 0 05" t«r?r bl . ethattheam ° Unt0£theCOntai -^»^ner 
0.05 wt« to 10 wts with respect to the resin film If the 
amount is smaller than 0.05 „ tS , the degree of hardening f h 
resin film is insufficient . Therefore, the acid or the oxidizer 

s excessively introduced into the resin film. fls a r suit 
the insulating characteristic of the resin fil„ ! 
deteriorates, if the amount is larger Jan To « C ^ 
r ener component sometimes denatures the composition of 
• The "other ' ^ deteriorates. 

compouir^ii Zee :: by - in — 

exert an influence on the formation of 
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the coarsened surface n r ^ fni.. ^ 

urxace or a filler made of resin. The inorqanic 
compound is exemplified by silica , aJumina 

foregoing resin is exemplified by polyimlde resin _ 6 

resin polyami d eimi d e resin, polyphenylene re si„, melanin r I n 
and olefin resin. When the forego . ng mier is 

herma! expansion coefficients can be matched to each other 

I" The resin film may contain solvent _ 

I""" e ^ " et0ne ' SUCh " aCet ° ne ' ™^ hy leth ylt eto„e o 

cyclohexane an d aromatic hydrocarbon, such as ethyl acetate 

1 0 Utyl aCetat *' «"«<*™ —ate or toiuene an d xylene Z 

|J 15 may simultaneously be employed. "rials 

i or a cur",: 6 emPl ° Yed materlal " aPPUed by USln * 3 «»t.r 

* as to be 7 and then Mterial iS -"^hardened so 
as to be formed into the film shape. 

^ (3) Then, an opening 6 for forming a via hole is formed 

m the resin insulating layer 2 in order to establish the electric 
connection with the conductive layer 4 (see Fig. 2 (c „ 

* abhor en t h r dhesivea9entforeiectr ° iessputi ^--p^^. 

drawn tT ' ' Clr ° Ular ^ ^ via hoi 

drawn thereon is placed. Then, exposure and development 

o thT t r e Perf0rmed ' and the " hSat h " deni ^ iS ""or-.* 
that the opening 6 is formed, when the thermosetting resin 

s employed thermosetting is performed. Then, laser machining 

in the 71 S ° that ° Penin9 6 f ° r the * la ho1 * *>™' 
in the interlayer resin insulating layer, when the interlaver 

resin insulating layer is formed by bonding the resin film, laser 
machining, such as carbonic laser, YAG laser, excimer laser of 
0V laser, is performed so that the opening for the via hole is 
formed. „ necessary, a dipping process using permanganic acid 
or lite or a dry etching using plasma is performed to perform 
a desmear process. 

(4) Then, the surface of the resin insulating layer 2 
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having the opening 6 for the* via • 

2 (d) ) who . i he Vla hole 13 coarsened (see Fig 

^ W J . When the adhesivp an^f ^ y ' 

acid, such as formic acid or acetic acid. It is 
the organs acid is employed. „ hen the coarsening 
been performed, the metal conductive iayer 4 exposed to fh 
outside through the opening 6 for the via h„ » 
15 corroded. h ° le 13 not sasil Y 

On the other hand, it is orefe-able th- f t-h 

» such tha't S rx e i n r ble T ^ °* ^ 

reaxxzed. if the thxckness is too lara^ +-h„ 

PiUadI - cM »*^ - Pallium colloid is employed It 

are made of palladium ^ ««" 

of th • Then ' eleCtr ° less P^ting of the overall surface 
of the resrn insulating layer 2 which has been coarsened and 
supplied with the catalyst cores is performed. Thus an 
electrons plated film 12 is formed (see Fig. 3 ,a, , ,' t 
Preferable that the thinness of the electroLs plated fill 
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12 is 0.1/zm to 5/nm. 

eW T"' 8 Pla " n9 reSlSt 3 1S f ° rmed ° n the s"face of the 

JZZtZlTV, 11 " 12 (see Fi9 - 3 ,b,) • A ph — 

Plated fl l m 12 . Ihen , a photomasJc (a substrate 

is Dl a / ' °" WhlCh 3 Platln9 rSSiSt "»« ^en dr „: 

I 036 C ° ntaCt " ith «" the Photosensitive 

resin film. Then, exposure is performed, and then a development 
processes performed Thus, the plating resist 3 can b e forled 
(7) Then, electric plating is performed so that an 

Plated frlm 12 in which the plating resist is not formed Thus 

r t tetrr 5 and a via hoie 7 are f " » - — ^ 

.5 electric plat " S "" t0 2< ""'- " ^ P«fer.bl. that the 

electric plating operation is performed by copper plating. 

After electric piating has been performed, at least one 

:i : r ed f rom — e.^:: 

1 see I I """^ ^yed to form a nickel fiim 

•0 platin! , fM thlS li6S in th *t ^loy 

•0 p ting composed of Cu- H i-P can easily be deposited on the nickel 

film 14. Since the nickel film serves as a metal resist an 

In ft IT ° btained ^ ™ ^ «» - P-ve- 

in the following process. 

(8) Then, the plating resist 3 is removed, and then the 

1:2: T ed fiim 12 present bei °- the ^ ~ 

by etching solution, such as mixed solution of sulfuric acid 

us TnTnd ""T" " "™ "eroxide. 

Thus, an independent conductor layer 5 composed three layers 

=™- g Of the electrons plated film 12 , the electrolytic 
P ated film l3 and the nickel fiim 14 and the via ho!e 
formed (see F ig 3 ,„> , . Hot e that the palladium catalyst core 
on the coarsened surface exposed in the non-conductive portion 
are dissolved and removed by chromic acid or sulphated water 
of th- h ! ' aCOarSenedlayerlllsf °™«lonthesurfaces 
of the foregoing adhesive agent for electroless plating is formed 
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as the resin insulating layer 2 (see Fig. 4 (a)). 

(10) An opening 6 is formed in the resin insulating layer 
2. Moreover, the surface of the resin insulating layer 2 is 
coarsened (see Fig. 4 (b) ) . 

5 (11) Then, catalyst cores are supplied to the coarsened 

surface of the resin insulating layer 2, and then an electroless 
plated film 12 is formed (see Fig. 4 ( C ) ) . 

(12) Then, the plating resist 3 is formed on the surface 
of the electroless plated film 12. As described above, the 

10 electrolytic plated film 13 and the nickel film 14 are formed 
in the portion in which the plating resist 3 is not formed (see 

Fig. 4 (d)). 

(13) The plating resist 3 is removed, and then the 
electroless plated film 12 below the plating resist is removed 
Then, a conductor layer (including a conductor layer serving 
as a pad 16 for securing the conductive connecting pin) 5 and 
the vxa hole 7 are formed. Thus, a build-up substrate formed 
by 8xx layers such that each side has three layers is obtained 
(see Fig. 5) . 

(14) The coarsened layer 11 is provided for the conductor 
layer 5 and the via hole 7 of the thus-obtainedbuild-up substrate 
so as to be covered with an organic resin insulating layer 15 
havxng an opening 18 through which the pad 16 is partially exposed 
to the outside (see Fig. 6). It is preferable that the thickness 
of the organic resin insulating layer isS.mto 40,m. if the 
thrckness is too small, the insulating function deteriorates 
If the thickness is too large, the opening cannot easily be formed 
What is worse, undesirable contact with solder occurs, causing 
a crack or the like to occur. 

The resin for constituting the organic resin insulating 
layer may be any one of a variety of resin materials , for example, 
resxn obtained by hardening acrylate of bis phenol-A type epoxy 
resrn, acrylate of bis phenol-A type epoxy resin or novolak-type 
epoxy resin with amine hardener or imidazole hardener. 

The foregoing organic resin insulating layer having the 
above-mentioned structure has an advantage that migration of 
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lead (a phenomenon with which lead ions are dispersed in the 
organic resin insulating layer) can be reduced. Moreover, the 
foregoing organic resin insulating layer has excellent heat 
resistance and alkali resistance. In addition, deterioration 
does not occur at a temperature (about 200°C) at which the 
conductive adhesive agent, such as solder, is melted. In 
addition, decomposition canbepreventedwith strongbaseplating 
solution, such as nickel plating solution or gold plating 
solution . 

Acrylate of the novolak-type epoxy resin may be epoxy resin 
obtained by causing glycidyl ether of phenol novolak or cresol 
novolak to react with acrylic acid or methacrylic acid. It is 
preferable that the imidazole hardener is in the form of liquid 
at 25"C. The reason for this lies in that the liquid material 
permits uniform mixing. 

The liquid imidazole hardener may be 
l-benzyl-2-methylimidazole (trade name: 1B2MZ) , 

l-cyanoethyl-2-ethyl-4-methylimidazole (tradename: 2E4MZ-CN) 
or 4-methyl-2-ethylimidazole (trade name: 2E4MZ) 

It is preferable that the quantity of the imidazole 
hardener which must be added is 1 wt% to 10 wt% of the total 
solid component of the organic resin insulating layer. The 
reason for this lies in that the quantity of addition satisfying 
the foregoing range permits easy uniform mixing. it is 
preferable that the solvent for the pre-hardening composition 
of the organic resin insulating layer is glycol ether solvent. 
The reason for this lies in that the organic resin insulating 
layer containing the foregoing composition does not generate 
free oxygen, does not oxidize the surface of the pad and does 
not harm the human body. 

It is preferable that the glycol ether solvent is at least 
either of diethylene glycol dimethyl ether (DMDG) or triethylene 
glycol dimethyl ether (DMTG) . The foregoing solvent can 
completely be dissolved in benzophenone or Michler ' s ketone which 
is a reaction initiator at a temperature of about 30°C to about 
50°C. 
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It is preferable that the quantity of the glycol ether 
solvent is 10 wt% to 40 wt% with respect to the overall weight 
of the compositions of the organic resin insulating layer. 

The composition of the above-mentioned organic resin 
insulating layer may be added with a variety of defoaming agents, 
leveling agent, thermosetting resin for improving heat 
resistance and base resistance and imparting flexibility and 
photosensitive monomer for improving resolution. The leveling 
agent may be, for example, a polymer of acrylate. It is 
preferable that the initiator is Ilugacur 1907 manufactured by 
Chibagaigi and the photosensitizer is DETX-S manufactured by 
Nippon Kayaku. The composition of the organic resin insulating 
layer may be added with coloring matter or pigment. The reason 
for this lies in that the circuit pattern can be shielded. It 
is preferable that the coloring matter is phthalocyanine green. 

The thermosetting resin which must be added may be bis 
phenol type epoxy resin. The bis phenol epoxy resin includes 
bis phenol-A type epoxy resin and bis phenol F-type epoxy resin. 
When importance is attached to the base resistance, the former 
resin is employed. When low viscosity is required (when 
importance is attached to the coating smoothness) , the latter 
resin is employed. 

The viscosity of the foregoing organic resin insulating 
layer is 0.5 Pa«s to 10 Pa«s at 25°C, preferably 1 Pa • s to 
10 Pa • s. The foregoing viscosity permits easy coating with 
a roll coater. 

(15) Ametal film 19, which is a corrosion-resisting metal 
in the form of a gold plated film or a nickel plated film-gold 
plated film is formed in the opening 18. Then, solder paste 
serving as a conductive adhesive agent 17 is printed on the inner 
surface of the pad 16 which is the lower surface (a connection 
surface with a daughter board or a mother board) of the package 
substrate. It is preferable that the viscosity of the solder 
paste satisfies a range from 50 PaS to 400 PaS. A conductive 
connecting pin 100 is joined to a proper pin holding apparatus 
so as to be supported. A secured portion 101 of the conductive 
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5 V • As an alternative to this a 1 T " F1 «- 

the conductive adhesive agent rnt a ^ b * f °™«g 

«Y be i„ troduced lnto the 9 " t0 shape or the li te 

fining to the plate-li ke Lured Z'i^o/Z^ H ^ 
connection pin is performed to join the T« ""ductive 
» *»■ -n, refWing „a y be p^ ~ 7™ectio„ 
portion provided with the con^w ° WS a P ad 

« a circuit shown in ™ 7^"^ ^ "0 enclosed 

in Fig. 8 . 9 ' ? ' the P ad Potion being enlarged 

« 3 Ub strIL S rr/prov^r "t;" UPP " ~ e - «» 

connected to an ZZZtZV " ~ - 

-venti: i: n a d ::"::r;; n T e r h r pin 100 accordi - to - — 

3-ured portion 1 an " ^ ^ inC °~±ng a plate-li ke 

» P-^-tingoversuostantLlAheTe^raT" 6 :" 0 " P ° rtl ° n ^ 
portion 101. Theplate-liJ P ° rtl0n0fthesec «ed 

which is seC ured to the outerl T"" 3 P ° rti °" 

substrate serving a h tT'T" ^ 5 ° f ^ 
»9-nt 17. The shape of the * * CO " duc «- «*..iv. 

> anarMtrar^hap^ul ™ " ^ ^ 

adaptable to the si 2 e of the "J T " ' 

Portion 102 ma y be an y shape ^ch ca te ^ C ° nnSCti0n 
connection portion, such as the tergal , lnt ° the 

-or example, the shape ma y be ^rZ^LT^ SUbSt ^- 
a conical shape or a pyramid shape ^ * ^ ShaPS ' 

i. ™"^T£ 1 £ a ^r* Ktin p- 

Preferable that at least a " " m6tal ™ t ' r1 ' 1 - » - 

sUver, ^iT^ ~* " 

^X° h r ;tr u cti - ----- c:; 

V navrng trade name "COBAL" ,„ alloy Qf Hi . Co . Fe) _ 
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starnless steel and a phosphor bronze which is a eo 

» a preferred materia! because T \ , ^ ^ 

characteristic and Processabi lity as the " " 

Pin are realized Tns „ „ V 3 the con ductive connection 

« of one type of a me ZTruTl »° »* 

the foregoing p in ma y be covert Jit^ T ^ ° f 

order to prevent corrosio an ° th " metal « 

- -de of an IZ^^?™ ^ -y 

— -y .e covered UT^x"^ ^ ^ 

to 0.8 ™, the length of ! „ ™ to 10 " " 0-1 mm 

the columnar secured portion" i "o", ^ ^ ° f 
foregoing values are arbitrari ll det '° ^ "*■ The 

' -i» of the pad and the t»7 or aCC ° rdin9 t0 ^ 

-ther board on „hich JT^^ *~ ~* "< «» 

accord™; rr 'pi::: 3 ive a9ent 17 ° f the — ~ e 

tin-antimony, silver tin "* * S ° ld " '"-^ 

or conductive p ^ It7 s " ^ ' ^ 

«* the conductL leslv ^ ^ — 
to 2S0-C. ThU s, strength of lesi^ 

connection pin of 2 („„,„, u bonding of the conductive 

ahd inclination of the c d °" "^^"^ Th * separation 
owing to the Z^l^Z™ ^ *> "<* -cur 

chip has been mounted" X h"^ 1 ^ ^ * 

maintained. lt is most preferable ^ ttt „ ^ be 

The reason for this 1J« Pr ^ erable that solder is performed. 

the conductive^™ 

resistance against heat can be reaped and the"! ^ """"^ 
can easily be performed. llzed andthebond lng operation 

When the conductive adhesive agent 17). 
solder, it is preferable that soldL havTg a b * 
Sn/Pb « 95/5 or 60/4n <„ , 9 com Position that 

meltingpointof ZIX:: ^ ---- that the 

^. ItUaomt pre£erabla that - = • :::: = 
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a range from 200C to 260t ^ ^ 
of adhesive bonding of the conductive connection pin 
reduced. Moreover, appiied heat does not damage the resin layer 
which constitutes the package substrate. 
5 As shown in Fig. 8, the pad 16 is covered with the organic 

resin insulating layer (the through hole layer) 15 having the 
opening 18 through which the pad 16 is partially exposed. The 
secured portion 101 of the conductive connecting pin 100 is 
through the conductive adhesive agent 17, secured to the pad 
16 exposed through the opening 18. fl s can be understood from 
the drawrng, the organic resin insulating layer 15 covers the 
pad 16 such that the periphery of the pad 16 is held. Therefore 
when stress is applied to the conductive connecting pin 100 when 

ofT Cte f J UbStratS is °" the mother board, breakage 

of the pad 16 and separation from the organic resin insulating 
layer 15 can be prevented. If different materials, such as the 
metal material and resin, are bonded, separation does not easily 
occur ^though the package substrate comprising the 
multilayer printed circuit board having the interlayer resin 
insulating layer has been described as an example, the structure 
of the first embodiment may be applied to a package substrate 
in the form of only one substrate. 
[First Modification] 

Fig. 9 shows a package substrate 139 according to a first 
modification of the first embodiment. Fig. 9 W is a cross 
sectional view showing an essential portion of the package 
substrate !39. Fig. 9 ,B, is a view B of Fig. 9 W . Note t J t 
cross section fl-s shown i„ Fig. 9 (B) corresponds to Fig 9 (a) 
As shown in Fig. 9 (B, , a pad 16 incorporates a circular body 
16b for joining the conductive connecting pin 100; and an 
extension portion 16a disposed in the vicinity of the body 16b 
Moreover, a signal line 16c is connected to the body !6b. In 
the foregoing embodiment described with reference to Fig 8 
the periphery of the pad 16 is held by the interlayer resin 
insulating layer (the organic resin insulating layer, 15. On 
the other hand, the first modification has a structure that the 
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LTlT P0 " l0n diSP ° Sed " ^ ViC " ity ° f «» P- <the 
body 16b) 1S covered with a solder resist layer 15 Th„ k 7 

-is e r ed through t h e opening 18 formed lr / the 
5 Also the first modification has the structure that t ho 

:::: n it, n portion i6a disposed in the — ^ <* ~. 

body 16b, ls covered with the solder resist layer 15. If stress 

ijiizt c r uotive connectina pin io °- -~ n t : 

> 16b of the ! P "- nted - °n the other hand, the body 

16b of the pad x. exposed throuah the opening 18 of the organic 

ZZtZ^T " yer 0r ^ iC ng 

o her There/" 510 " P0 " l0n ^ »"» «<* 

15 and th^' ^ ™= insulating 

layer 15 and the extension portion 16a of the pad portion does 

layerTs 8 ' * ^ * ^ ^ 

[Second Modification] 

that ac A P T 96 SUbStrate 3 baSlC StrUct "« s-"ar to 

that accordmg to the first embodiment described with reference 
to Figs 7 and 8. The pad 16 for securing the conductive 
connecting pi„ 100 is , through the via hole 7, connected to a 
cond t or layer 66 (5) uhloh ^ ^ inner cted 

t h o dT " Sin inSUla ""9 m this modification 

he pad 16 is not covered with the organic resin insulating laye 
see Fig 10, . S i nce the manufacturlng process « * * 

description is started at the following step (15) 

< 15 » bolder paste (Sn/Sb - 95:5, 17 which is the 
conductive adhesive agent is filled in the via hole 7. In this 
step, a mas, member ,„ot shown, is placed on the surface of the 
organic resin insulating layer 15, and then solder paste is 
printed. Then, reflowing is performed at 270T: or lower 

(16) The conductive connection pin is secured to the pad 
by a method which is the same a* ^- Pad 

embodiment. ^ accord «9 to the first 

in this modification, the area of bond between the pad 
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16 and the substrate can be enlargedby the via hole 7 Theref 
the peeling strength Qf ^ ^ Therefore, 

conductor layer 66 which ia the inner ^ ^ 



adhesiveness with the-etaUad! V " ""^ lay "' 

conductor layer on the co k ^escrxbed above, the 

•itn the 

10 Therefore, neelina through the coarsened surface, 

prevented! " °" ^ be reiiabiy 

a - Example 1 

* ™ e baSic str "cture is the same as that of (l 

0 edification. * parage substrate 132 (s ee F i q n, 7™" 

0 15 StrUCt « e the via hole 7 provided with the pad 15 * 

j, with the organic resin insulating layer ^ h """^ 

18 through which the pad is partTallv e ° Penln9 
" The package substrate 132 has the t '° ^ " 

provided for the via hole ^ More TZ Z ^ ^ " ^ 

-rVfoi: c :r:i: fa r ? — — 

b - Example 2 

The basic structnrp to *-u 

1. A package substrate 13 3 1% 7^ ."fh" ^ 

that the nad u . ( }) has a structure 

is , throu z in ™~ e :T ctire — tin9 *» io ° 

layer 66 which J, fh S 7 ' °° nnected to the conductor 

insulating lay r 52 ^To" " ^ 

a -mctuL it si x " h Ce:rL: 2 f o B, 'r isexampiehas 

configuration. Moreover a pad !6 f " 3 C " CUlar 

7 is for m ed. Fig 12 "\, P " f ° r COVerin ^ each hole 
the via hole 7 Lte tha t th " °' ^ " ^ *™ 
« Fig 12 (B) " d ° T P ° Slti ° n °* thS " a hole 7 '"own 

Tig » A, t' " C3USe three V " h ° leS 7 sho »n ^ 
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layer is indicated with a dashed line, 
c Example 3 

A package substrate 134 (see Fig. 13) has the same basic 
structure except for the shape of the via hole 7 which is formed 
5 into a ring shape as shown in Fig. 13 (B) . Fig. 13 (B) is view 
B of Fig. 13 (A) . 

The area of bonding to the substrate can furthermore be 
enlarged by the plural via holes 7 according to example 2 and 
by the ring via hole 7 according to example 3. 
10 d. Example 4 

The basic structure is the same as that according to example 
2 described with reference to Fig. 12. A package substrate 135 
(see Fig. 14) has a structure that a plurality of via holes 7 
formed in a circular configuration are as well as provided for 
the interlayer resin insulating layer 52 which is the inner layer 
Moreover, the outer via hole 7 provided with the pad 16 and the 
inner via hole 7 are joined to each other. The package substrate 
135 has the structure that the plurality of the via holes 7 are 
Doxned to one another. Thus, peeling off the pad 16 can 
signxf icantly be prevented. 

As described above, it is preferable that each of the 
modxfications has the structure that the inner conductor layer 
wxth which the pad is provided is provided for the core substrate 
1. The conductor layer on the core substrate is made to firmly 
contact with the insulating substrate which is the core substrate 
through the coarsened surface (the mat surface). when 
connection with the conductor layer on the core substrate is 
established, separation of the pad 16 from the interlayer resin 
insulating layer 52 can be prevented. 
[Third Modification] 

The basic structure is the same as that according to example 
2 of the second modification . A package substrate 136 (see Fig 
15) has a structure that the conductor layer to which the pad 
16 is connected is made to be a conductor layer (aland 91) provided 
for the through hole 9 of the core substrate 1. Moreover, the 
perxphery of the pad 16 is covered with the organic resin 
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r ;T yer ss shoun in the drawin 9- the p»a is i S , 

through the via ho le 7, connected to the !and 91 of the through 
hole 9 and the resin filler 10 in the through hole 9 

-h ,?, at Characterls "<= °* this modification is that 

the pad 16 rs connected to the conductor layer of the CORE SUBSTRATE 

SUBSTRATE 1^ ? " ^ ^ °" ^ «™ 

SUBSTRATE 1 1S made to firmly contact with the insulating 

substrate which is the core substrate, through the coarsened 

surface (the mat surface, . since the connection with the 

conductor layer on the core substrate is established, peeling 

off the pad 16 from the interlayer resin insulating layer 52 

can be satisfactorily prevented. Moreover, the through hole 

hoi , " C ° nneCted t0 ° ther throu * the via 

hole 7 Therefore, the length of the electric wire from the 

conductive connecting pin 100, which is the external terminal 
to an IC chip ,a semiconductor chip, disposed opposite to the 
srde on which the conductive connecting pin 100 is provided 
can be shortened, 
a. Example 1 

The basic structure is the same as that according to the 
third modification. A package substrate 137 (see Fig. 16) has 
a structure that a conductor layer 90 called "cover plating" 
and covering the through hole 9 is provided for the through hole 
9 Moreover, the pad 16 is connected to the conductor layer 
90 through the via hole 7 (see Fig. i 6 ) . 
b. Example 2 

The basic structure is the same as that of the third 
modification. A package substrate 138 (see Fig. 1 7) has a 
st rU ct ure that the pad 16 is connected to only the land 91 of 
the through hole 9 through the via hole, m example 2, the 
structure is formed such that the pad 1 6 is bonded to the conductive 
layer 4 on the surface of the core substrate 1. Thus, peeling 
canbeprevented. Moreover, joining to the land 91 of the through 
hole is performed so that the length of the electric wire from 
the reverse side of the substrate is shortened. 
[Fourth Modification] 
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The basic structure is the same as that of the second 

:: ;" c rr * structure ° btained ^ . 

t ShaPe " j ° ined to «» conductive connection pin . Then, 
the conductive connection pin is disposed 

5 t h , ■ ^ deSCrlbed above < the P«*«<l« substrate according to 
the first embodiment is able to enlarge the strength of adhesive 
bonding between the pad and the substrate. Therefore 

"^ r v»To ' the con r tive connection pin and the ^ 

with the pm can be effectively prevented. Therefore 
> reliability of the connection can be im proved 

substra't!' " T" " SU " S ° f eValUation <* the package 
subs trate according tQ f . rst embod . men ^ « 

factors were evaluated: smallest strength of adhesive bonding 
of the joined conductive connection pin, states of each pin af tel 
a heating test (reproduction of virtual !C measured state and 
evaluation performed such that a substrate having the pin is 
allowed to pass through a nitrogen reflow furnace set to 250°C) 
and heat cycle condition ,1000 cycles each consisting of one 
cycle in which 13012,3 minutes + - 65<C/3 minutes, smallest 
strength of adhesive bonding and conduction test. 
<Second Embodiments 

A package substrate according to a second embodiment and 
a manufacturing method therefor will now be described. The 
foregoing steps (1) to (13) are similar to those according to 
the f lrst embodiment described with reference to Figs 1 to 5 
Therefore, the similar steps are omitted from illustration and 
description. 

(14) The conductor layer 5 and the coarsened layer 11 of the 

build-up substrate obtained in steps in ,1, to (13, and shown 

Fig. 5 are formed. Then, covering with the organic resin 

insulating layer 15 having the opening !8 through which the pad 

16 -exposed is performed (see Fig. 19) . It is preferable ^ 

the thickness of the organic resin insulating layer 
to 40 „ m. If the thickness ls tw) smaii< ^ 

performance deteriorates. If the thickness is too large 
opening cannot be easily formed. What is worse, undesirable 
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contact with solder occurs, causing a crack or the like to occur 
(15) A metal film 19 made of corrosion resisting metal in the 
form of a gold plated film or a nickel plated film-gold plated 
film 1S formed in the opening 18 . Then, the conductive adhesive 
agent 17 and solder paste are printed in the opening 16 which 
is the lower surface (the connection surface with the daughter 
board or the mother board) of the package substrate, it is 
preferable that the viscosity of the solder paste is 
50 PaS to 400 PaS. The conductive connecting pin 110 made of 
copper or a copper alloy is j oined to a proper pin holding apparatus 
so as to be supported. The secured portion 101 of the conductive 
connecting pin 110 is brought into contact with the conductive 
adhesive agent 17 in the pad 16. Then, ref lowing is performed 
at 220°C to 270°C, and then the conductive connecting pin 110 
is secured to the conductive adhesive agent 17 (see Fig. 20) 
As an alternative to this, a conductive adhesive agent formed 
into a ball-like shape is introduced into the opening. As an 
alternative to this, joining to the plate-like secured portion 
of the conductive connecting pin is performed so that the 
conductive connecting pin is joined. Then, reflowing may be 
performed. Fig. 21 is an enlarged view showing the pad portion 
enclosed in a circle shown in Fig. 20 and provided with the 
conductive connecting pin 110. 

The package substrate 230 has the upper opening 18 provided 
with a solder pump 230 which can be connected to an element, 
such as an IC chip. 

The conductive connecting pin 110 according to the present 
invention incorporates a plate-like secured portion 101 and a 
columnar connection portion 102 projecting over substantially 
the central portion of the secured portion 101. That is, the 
foregoing pin is a so-called T-shape pin. The coarsened layer 
101 is a portion which is, through the conductive adhesive agent 
17, secured to the outermost conductor layer 5 of the Package 
substrate which is formed into the pad 16. The secured portion 
101 is formed into a proper shape, for example, a circular shape 
or a polygonal shape adaptable to the size of the pad. The shape 
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of the connection portion 102 is not limited if the employed 
shape permits insertion into the connection portion, such as 
a terminal, of another substrate . The shape may be a cylindrical 
shape, a prism shape, a conical shape or a pyramid shape. 

It is preferable that the material of the conductive 
connectingpin 110 is at least one type of metal materials selected 
from copper, a copper alloy, tin, zinc, aluminum and noble metal . 
Each of the foregoing material has excellent flexibility. In 
particular, it is preferable that phosphor bronze, which is a 
copper alloy, is employed. The reason for this lies in that 
excellent electric characteristics and processability as the 
conductive connecting pin can be realized. The conductive 
connecting pin may be coated with another metal layer in order 
to prevent corrosion or enlarge strength. 

It is preferable that the diameter of the columnar 
connection portion 102 of the conductive connecting pin 110 is 
0.1 mm to 0.8 mm and the length of the same is 1.0 mm to 10 mm. 
It is preferable that the diameter of the plate-like secured 
portion 101 is 0.5 mm to 2.0 mm. The foregoing dimensions are 
arbitrarily determined according to, for example the type of 
the socket of the mother board which must be mounted. 

The conductive adhesive agent 17 adapted to the package 
substrate according to the present invention may be solder 
(tin-lead, tin-antimony, silver-tin-copper or the like), 
conductive resin or conductive paste, similar to the first 
embodiment . It is preferable that the conductive adhesive agent 
having a melting point of 180°C to 280°C is employed. 

When the conductive adhesive agent 17 is made of solder, 
it is preferable that solder having a composition that Sn/Pb 
= 95/5 or 60/40 is employed similar to the first embodiment. 
Also it is preferable that the melting point of the employed 
solder satisfies a range from 180°C to 280°C. It is furthermore 
preferable that the melting point satisfies a range from 200°C 
to 2 60°C. 

As can be understood from Fig. 21, the conductive 
connecting pin 110 is made of a material, such as copper or a 



61/119 



25 



30 



35 



copper alloy, having excellent flexibility. Therefore 
applied to the conductive connecting pin lio 

the package substrate is i«in^ example, 
y ^uaie is joined to another subsi- r=t- 0 u 

absorbed beca.isp + v> a . suostrate can be 

oecause the connection portion in? «, ^ 

5 indicated with a dashed line shol ln rig 21 " ^ 

a- Example 1 

The pad 16 of a package substrate 231 according to examnJ , 
1, as shown in Fig 22 h^=^ 4. u ^"g to example 

with ,k has a structure that the pad 16 is covered 

to the outside Th. «, . partially exposed 

uutsiae. The secured portion 103 of f nQ 

connecting pin 110 i s , throu/the conductive 
openmg 18. As can be understood from the drawina *h 

— - r t =t nrs: 

though the parage subset ^1"*^ 
printed circuit board having the inter, a multilayer 

160 which is the inner layer of th. ! , inductor layer 

layer 200 a <- mterlayer resin insulating 

layer 200. A portion of the pad 16 is covered with the organi! 
resin insulating layer 15 f seP pn„ oos mu organic 
from (1) to (14) are the ^manufacturing steps 

i i to U 4) are the same as those accordina to f hQ 
embodiment. aing to the second 
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(15) The via holp 7 i <= -f-; i t ^ 
= 95:5) 17 servino aVll ^ 8 ° lder P3Ste 'Sn/Sb 

~~ , not s; 0 i:r i :;rez:;:rr;:r; h r nt - . A - 

printed. Then reflowin. SUrfaCe - Then ' colder paste is 
Hfii refl ° Wln ^ 13 Performed at 270°C or lower 

(16) The conductive connerHnan' • 

strength of t J the peeling 

layer 160 whlch ls the imer r^Y^^T COndUCt ° r 
15 adhesiveness with the Dad l f, 1 u Yer ' excell «"t 

realized. Therefore Sf , * ° f metal " ca " b * 

meref ore, separation does not easily occur = < „ 
the surface of the Dad l e, < „ yoccnr - Sl n<=e 

insulating ravens oreat oee, 

the pad I,' and Z' ZTZt St ™° ™d between 

20 - pait c :::::::zt;:z: :::z tr a r to - hich 

A package substrate 233 (see Fig 24 Is, , a „ ^. 
this example has a basic structure which 1 th sT " *° 
according to the first .edification A P adl 6 f " 
conductive connecting pin 1 10 is th * h th8 
» holes 7, connected f„ V . 9 3 plurallt y °f via 

- of an rrn ; rr rsu 1 ;:" ie ? wwch is the ^ 

i.e5in insulating layer 200 T n • 

rrict:::::;? 9 - 24 .«"• si * - J - *~ «™ 

each via Z fll^t ^ T " t0 

« from the via hole 7 Note t L ™ ^ " Vi "" d 

7 shown in Fi g 24 (B , the P ° Sltl ° n of the via hole 

rg- d °es not cause the three via holes 7 shown 
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in Fig. 24 (A) to appear on the cross section. To simplify the 
drawing, the via hole away from the front organic resin insulating 
layer is indicated with a dashed line, 
b. Example 2 

» A package substrate 234 (see Fig. 25) has the same basic 

structure except for the shape of the via hole 7 which is formed 
into a ring shape as shown in Fig. 25 (B) . Fig. 25 (B) is view 
B of Fig. 25 (A) . 

The area of bonding to the substrate can furthermore be 
enlarged by the plural via holes 7 according to example 1 and 
by the ring via hole 7 according to example 2. 
c Example 3 

The basic structure is the same as that according to example 
1 described with reference to Fig. 24. A package substrate 235 
(see Fig. 26) has a structure that a plurality of via holes 7 
formed in a circular configuration are as well as provided for 
the mterlayer resin insulating layer 200 which is the inner 
layer. Moreover, the outer via hole 7 provided with the pad 
16 and the inner via hole 7 are joined to each other. The package 
substrate 235 has the structure that the plurality of the via 
holes 7 are joined to one another. Thus, peeling off the pad 
16 can be significantly prevented. 

As described above, it is preferable that each of the 
modifications has the structure that the inner conductor layer 
with which the pad is provided is provided for the core substrate 
1. The conductor layer on the core substrate is made to firmly 
contact with the insulating substrate which is the core substrate 
through the coarsened surface (the mat surface). When 
connection with the conductor layer on the core substrate is 
established, separation of the pad 16 from the interlayer resin 
insulating layer 200 can be prevented. 
[Second Modification] 

The basic structure is the same as that according to example 
2 of the first modification. A package substrate 236 (see Fig 
27) has a structure that the inner conductor layer to which the 
pad 16 is connected is made to be a conductor layer (a land 91) 
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provided for the through hole 9 of the core substrate 1 . Moreover 
the periphery of the pad 16 is covered with the organic resin' 
insulating layer 15. As shown in the drawing, the pad 16 is 
through the via hole 7, connected to the land 91 of the through 
hole 9 and the resin filler i 0 in the through hole 9. 

That is, the characteristic of this modification is that 
the pad 1 6 is connected to the conductor layer of the core substrate 
1 through the via hole 7. The conductor layer on the core 
substrate 1 is made to firmly contact with the insulating 
substrate, which is the core substrate, through the coarsened 
surface (the mat surface) . since the connection with the 
conductor layer on the core substrate is established, peeling 
off the pad 16 from the interlayer resin insulating layer 200 
can be satisfactorily prevented. Moreover, the through hole 
9 and the pad 16 are connected to each other through the via 
hole 7. Therefore, the length of the electric wire from the 
conductive connecting pin 110, which is the external terminal, 
to an IC ch lp (a semiconductor chip) disposed opposite to the 
side on which the conductive connecting pin 110 is provided 
20 can be shortened. ' 
a. Example 1 

The basic structure is the same as that according to the 
second modification. A package substrate 237 (see Fig 28) has 
a structure that a conductor layer 90 called "cover plating" 
and covering the through hole 9 is provided for the through hole 
9. Moreover, the pad 16 is connected to the conductor layer 
90 through the via hole 7 (see Fig. 28) . 
b. Example 2 

The basic structure is the same as that of the second 
modification. A package substrate 238 (see Fig 29) has a 
structure that the pad 16 is connected to only the land 91 of 
the through hole 9 through the via hole. In the foregoing 
examples, the pad 16 is bonded to the conductive layer 4 on the 
surface of the core substrate 1 so that peeling is prevented 
Since joining to the land 91 of the through hole is performed 
the length of the electric wire from the reverse side of the 
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substrate is shortened. 
[Third Modification] 

The basic structure is the same as that of the first 
modification. A structure obtained by forming solder into a 
ball-like shape is joined to the conductive connection pin. Then, 
the conductive connection pin is disposed. 

As described above, the second embodiment has the structure 
that the conductive connecting pin is made of the material, such 
as copper or a copper alloy, having excellent flexibility. 
Therefore, stress which is applied to the pin when the heat cycle 
test is performed or when the package substrate is mounted can 
sufficiently be absorbed. Therefore, separation of the pin from 
the substrate can be prevented. The package substrate 
incorporating the foregoing conductive connecting pin is able 
to prevent concentration of stress to the conductive connecting 
pin . Therefore, great strength of adhesive bonding is permitted 
between the conductive connecting pin and the pad and between 
the pad and the substrate. Therefore, excellent reliability 
of the connection is realized. 

Fig. 30 shows results of evaluation of the package 
substrate according to the first embodiment. The following 
factors were evaluated: smallest strength of adhesive bonding 
of the joined conductive connection pin, states of each pin after 
a heating test (reproduction of virtual IC measured state and 
evaluation performed such that a substrate having the pin is 
allowed to pass through a nitrogen reflow furnace set to 250°C) 
and heat cycle condition (1000 cycles each consisting of one 
cycle in which 130°C/3 minutes + - 65°C/3 minutes) smallest 
strength of adhesive bonding and conduction test. 
<Third Embodiment> 

A package substrate according to a third embodiment and 
a manufacturing method therefor will now be described. The 
foregoing steps (1) to (13) are similar to those according to 
the first embodiment described with reference to Figs. 1 to 5 . 
Therefore, the similar steps are omitted from illustration and 
description. 
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5 . H I °° arSened Uyer 11 is P«"«ed for the conductor layer 
5 and he vra hole 7 of the build-up substrate obtained by the 
steps (1, to <13) and shown in Fig . s . Then , cover £ * 

organic resin insulating layer 15 having the opening 18 through 
« "hrch the pad !6 is exposed is performed (see Pig. 31, . It Is 
preferable that the thickness of the organic resin insulating 
layer u 5> , to 40 „m. if the thickness is too small, he 
msulatrng performance deteriorates. If the thickness is too 
large openrng cannot easily be formed. What is worse 
10 undesrrable contact with solder occurs, causing a crack or the 
i. i kb to occur. 

(15) A metal fil m 19 made of corrosion resisti 

5 form o, a gold plated film or a nickel plated film-gold plated 

V 15 ^f rmedi " the °P--gl8. Then, the conductive adhesive 

f H h h SSrVln9 " SOWer P " te " e Printed in «e opening 

€ " " h h 1Ch " thS l0 " er S " rfa « 'the connection surface with the 

J daughter board or the mother board, of the package substrate 

It rs preferable that the viscosity of the solder paste is 50 
Pas to 400 Pas. Moreover, a conductive connecting pi! 120 having 
a connection portion !02 provided with a constriction portion 

Thenar SUPPOrt8d ^ 3 PrOP " Pln h0ldln ^ ^Paratus. 

Then, the secured portion 101 of the conductive connecting pin 

120 rs brought into contact with the conductive adhesive agent 

tl ™r ° Penlng Then ' reflow -5 i- Performed at 240°C 

to 270 C so that the conductive connecting pin 120 is secured 
to the conductive adhesive agent 17 (see Fig. 32,. As an 
alternative to this, a structure obtained by forming a conductive 

Tel ^ lnt ° " ball_like ShaPS 1S -produced into the 
opemng. Asanalternativetothis, the ioiningtotheplate-like 

z r : of the conductive connecting pin is 

sothattheconductrveconnectingpinisjoined. Then, reflowing 
may be performed. Fig. 33 «, is an enlarged view of the pad 
portron provided with the conductive connecting pi„ 120 enclosed 
m a circle shown in Fig. 32. 
35 Ihe upper opening 18 „f the package substrate 330 has a 

solder bump 60 which can be connected to an element, such as 
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an IC chip. 

The conductive connecting pin 120 according to the present 
invent is a so-called T-shape pin incorporating a plate-l^e 
secured portion ioi and a columnar connection portion 02 

k- u • secured portion 101 is a portion 

uos C ratrr 1 " '° ° UtemOSt C ° ndUCt0r — 5 ° f «» 

agen 17 1"T " ^ " thr ° U9h ^ C ° ndUCti ™ «*e»i™ 
agent 17. The shape of the secured portion 101 is formed into 

r P t b r tr- such as a circuiar sha - ~ a P o lyga :;:z: 

portion ^ H 1Ze ° f ShaPS ° f the section 

portion 102 may be any shape which can be inserted into the 

connection portion, such as the terminal of another subs rate 

* «: the shape may te a 1 "»p- a pris, ship:; 

a conical shape or a pyramid shape. 

positio^e™ 0 ; POrtl ° n 16 fOOTed " - ^.r-sdlat. 
portion of the connection portion 102, the constriction portion 
103 having a diameter smaller than the other portions It 
^important factorthat thediameterof the constriction porti n 

t h 33 50 % ^ tha " M * ° f th * °^er portions 

If the diameter is smailer than 50 % of the diameter of the other 
Portions, the strength of the connection portion is insuf f iLent 
to prevent deformation and breakage when the package substrate 
. "I of i: ^ dia »— strictionportLi" 

flexibH; tv 6 dlamSter ° f the ° th « P°«ion.. predetermined 
flexibility cannot be imparted to the connection portion 
Therefore, the effect of absorbing stress cannot be obtained.' 

to the ° f C ° nd ^"- connecting pin according 

to the present invention is not limited if the material is a 
m material It is pref erable that „ ^ ^ » « 

materials, such as gold, silver, copper, nickel, cobalt tin 
and lead is employed to form the conductive connecting pin L y 
o e o, an iron alloy having trade na,e -COML" 

N ^o-Fe,, stainless steel and a phosphor bronze which is a copper 
alloy is a preferred material because of an external electrical 
characteristic and satisfactory probability of the 
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conducive connecting pin. Phosphor bronze having external 
flexibility is able to satisfactorily absorb streL 

It is preferable that the columnar connection portion 102 
to O.s the length of 1-n m to 10 ^ Md d . ameter 

the columnar secured portion 101 is 0.5 mm to 2.0 mm The 
foregoing values are arbitrarily determined according o the 
size of the pad and the type or the like of a „„ th . \. 
which must be mounted. ^ Subst "^ 

10 Similarlytothefirstembodiment, the conductive adhesive 

agent 17 of the package substrate may be solder (tin-lead 

tin-antimony, silver-tin-co PP er or the like, , conductive resin 
or co nductive paste . „ is preferabie c 

* ipioyi:. agent aving a meiting point ° f ™* - ™* 

When the conductive adhesive agent 17 is constituted by 

9? ^Y^r^"" 6 tHat S ° lder haVlng 3 =-P-"ion Sn/Pb 
- 95.5 or 60/4 0 is employed similarly to the first embodiment. 
It is also preferable that the melting point of the employed 
» solder satisfies a range from 180* to 280*. It is furthermore 
preferable that the range from 200* to 260* is satisfied 

As can be understood from Figs. 33 (A) and 33 (B), the 
conductive connecting pin 120 has the connection portion 102 
provided with the constriction portion 103. Therefore 

satisfactory flexibility is obtained and thus the conductive 
con„e Ct pin 120 can be easlly ^ ^ ^ 

to the conductive connecting pin 120 when the package substrate 
is joined to the mother board or the like can be absorbed because 

> Por™T n P0 " l0n 13 thr ° U9h "» -striction 

a- Example 1 

The P^16ofthepackagesubstrate331accordingtoexample 
is, asshowninFig. 34, coveredwiththeorganicresininsulating 
layer (the through hole layer, 15 having the opening 18 through 
"hich the pad 16 is partially exposed to the outside . The secured 
portion 101 of the conductive connecting pin 120 is, through 
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to the t^ adhSSlVe 396111 11 ' ™ d tD th * ^ « -Posed 

r throu9h the opening 18 • as can te Und « St ° 0d 

and" ° r9anlC rSSin in "*««»9 layer 15 holds 

and covers the periphery of the pad 16. Therefore, if stress 

» » applied to the conductive connecting pin 120 when the heat 
cycle test is performed or when the package substrate is joined 
to the mother board, breakage of the pad 16 and separation from 
the organic resin insulating layer 15 can be prevented. Although 
the package substrate in the form of the multilayer printed 

• circuit board having the interlayer resin insulating layer has 
been described as an example, the structure according to the 
third embodiment can be applied to a package substrate 
constituted by only one substrate. 
[First Modification] 

A package substrate 332 according to this modification 

thl t„ T C f rUOtUre " hlch is the »— as that according to 
the th lrt embodiment described with reference to Figs. 32 and 
J3. The pad 16 for securing the conductive connecting pin 120 
«, through the via hole 7, connected to the conductor layer 
66 which is the inner layer of the interlayer resin insulating 
52 • „ ™ 6 ° rganiC " sin insulating layer 15 covers a portion 
of the pad 16 (see Fig. 35, . The manufacturing steps from ,1, 
(14, are the same as that according to the third embodiment. 

- 95-, \ Th8 . Vla h ° le 7 " ""^ Kith S ° lder P aste <*>/«> 
95.5) 17 servmg as the conductive adhesive agent A mask 

member (not shown, is placed and made in hermetic contact with 

the surface of the organic resin insulating layer 15. Then 

solder paste is printed, and then ref lowing is performed at 270^ 

or lower. 

(16) T he conductive connecting pin is secured to the pad 
by a method which is the same as that employed in the third 
embodiment. The first modification having the constriction 
portion 103 of the conductive connecting pin 110 enables 
satisfactory effect of absorbing stress . Moreover, the via hole 
7 enables the area of bonding between the pad 16 and the substrate 
to be enlarged. Therefore, the peeling strength of the pad 16 
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iirCTL"™ the conductor layer 66 - - hich - «>• 

o is covered wi-f-h ~ P acl 

vered with the organic resin insulating laver i s 

^■t^ can be obtained between z^'J^ 

Note that the conductor layer to which the oad i „ 

• =5= 

coarsened surface. Therefor sui >strate through the 

f ^ ^nerefore, separation of the Pad ™ 

furthermore be reliably prevented. ^ 

Example 1 

-Let Ling layer 52 . As shown in Fia ifi fRi +-u • 
has a structure ^h a+ - • • ( ] ' thls example 

con figur ; t rr or/:;: 1 :: ; are formed in a ci — 

the* k^i -7 ^J-y. Jb (A; viewed from 

l Mr 36 , b ; d Note that the positi ° n ° f the 7 show : 

b - Example 2 

A package substrate 334 (see w n u 

ure e xcept for the shape I- ^ - w ™ 

b of F ;r 37 sh ;T. as sho ™ in - «»> • 3^ ,., is r 

The area of bonding to the subsfr^o u * 

the Plurai vla holes ~::ir;::crr:;: 

by the rang ,„ hole 7 according te example 2 
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c - Example 3 

A package substrate 335 (see Figs. 38 (A) and 38 m, > 
according to this exampl e has the basic structure „ h " ch is t 

that th ^ ab ° Ve ' " 13 P " f SrablS *« «<* -dif IcatLn 

the h i;;rr:? aYer which is providsd ^ ^ - ° 

the inner layer is provided for the core substrate 1 Th„ 

:: r; 1 ;:: r th r re substrate is - — * - ™ 

&UIiace (the mat surface) m^Ho ^- 

dLe /' made to rirmlv confpnt- t „- f u ^ u 

insulating substrate which is the core substrate sice hi 

connection to the conductor iayer on the core substrate 

es a lished , the pad l6 cannot easi ly be separa ^ 

'° lnte ^ayer resin insulating layer 52. 

[Second Modification] 

y nich the pad 16 is connected and which is the inner 

layer is a conductor layer (a i fln ri on • „ 

We 9 of the core substrate T h " " *" 

layer 15 covers the periphery of the padT ^ 

the land 91 of the through hole 9 and the resin filler 10 in 
the through hole 9. xu ln 

th 3 Characteris "c of this modification is that 

hepad 1 „ connected to the conductor layer of the core subst ate 

substrate 1 ls ma de to firmly contact with the insulatino 
substrate which is the core substrate through the ZllslZ 
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surface ( themat surface) . Since the connection to the conductor 
layer on the core substrate is established, separation of the 
pad 16 from the interlayer resin insulating layer 52 can be 
prevented. Moreover, the through hole 9 and the pad 16 are 
5 connected to each other through the via hole 7 . Therefore the 
length of the electric wire from the conductive connecting pin 
120 which is an external terminal to an IC chip ( a semiconductor 
chip) disposed on the side opposite to the side on which the 
conductive connecting pin 120 is disposed can be shortened 
10 a. Example 1 

A package substrate 337 (see Fig. 40) according to this 
, 3 example has a basic structure which is the same as that according 

£ to the second modification . A conductor layer 90 called a cover 

Platxng and arranged to cover the through hole 9 is provided 
for the through hole 9 . The pad 16 is connected to the conductor 
layer 90 through the via hole 7. 
b. Example 2 

A package substrate 338 (see Fig. 41) according to this 
example has a basic structure which is the same as that according 
to the second modification. The pad 16 is connected to only 
the land 91 of the through hole 9. In the foregoing examples, 
the pad 16 is bonded to the conductive layer 4 on the surface 
of the core substrate 1 so that easy separation is prevented 
Moreover, joining to the land 91 of the through hole is performed 
so that the length of the electric width from the reverse side 
of the substrate is shortened. 
[Third Modification] 

The structure according to this modification is basically 
the same as that according to the first modification . A structure 
obtained by forming solder into a ball-like shape is joined to 
the conductive connecting pin. Then, the conductive connecting 
pin is disposed. 

As described above, the conductive connecting p in 
according to the third embodiment incorporates the columnar 
connection portion and a plate-like secured portion, wherein 
a constriction portion having a diameter smaller than that of 
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the other portions is provided for the columnar connection 
portion. Therefore, stress which is applied to the pin when 
the heat cycle is performed or when the package substrate is 
mounted can be sufficiently absorbed because the constriction 
portion is bent. Therefore, separation of the pin from the 
substrate can be prevented. The package substrate 
incorporating the foregoing conductive connecting pin is able 
to ease concentration of stress to the conductive connecting 
pin. Therefore, great strength of adhesive bonding is obtained 
between the conductive connecting pin and the pad and between 
the pad and the substrate. As a result, excellent reliability 
in the connection can be obtained. 

Fig. 42 shows results of evaluation of the package 
substrate according to the third embodiment. The following 
factors were evaluated: smallest strength of adhesive bonding 
of the joined conductive connection pin, states of each pin after 
a heating test (reproduction of virtual IC measured state and 
evaluation performed such that a substrate having the pin is 
allowed to pass through a nitrogen reflow furnace set to 250°C) 
and heat cycle condition (1000 cycles each consisting of one 
cycle in which 130°C/3 minutes + - 65°C/3 minutes) smallest 
strength of adhesive bonding and conduction test. 
<Fourth Embodiment> 

A package substrate according to a fourth embodiment and 
a manufacturing method therefor will now be described. Steps 
(1) to (12) are similar to those according to the first embodiment 
described with reference to Figs. 1 to 4. Therefore, similar 
steps are omitted from illustration and description. 

(13) The plating resist 3 of the substrate shown in Fig. 4 (d) 
is removed, the electroless plated film 12 below the plating 
resist is removed, the conductor layer 5, and the via hole 7 
and the plane layer 21 are formed. Thus, a build-up substrate 
constituted by six layers such that three layers are provided 
for each side (see Fig. 43) . 

(14) A coarsened layer 11 is provided for the conductor layer 
5, the via hole 7 and the plane layer 21 of the thus-obtained 
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build-up substrate. Then, covering with the organic resin 
insulating layer 15 having the opening 18 through which the pad 
16 and the plane layer 21 are exposed to the outside is performed 
(seeFig. 44). It is preferable that the thickness of the organic 
resin insulating layer is 5, ra to 4 0/ zm. If the thickness is 
too small, the insulating performance deteriorates. If the 
thickness is too large, opening cannot easily be formed. What 
is worse , undesirable contact with solder occurs, causing a crack 
or the like to take place. 

(15) A metal film 19 in the form of a gold plated film or a 
nickel plated film-gold plated film and made of corrosion 
resxstxng metal is formed in the opening 18 . Then, solder paste 
serving as the conductive adhesive agent 17 is printed in the 
opening 18 which is the lower surface (the connection surface 
with the daughter board or the mother board) of the package 
substrate. It is preferable that the viscosity outside the 
solder paste satisfies a range from 50 PaS to 400 PaS A 
conductive connecting pin 100 is joined to a proper pin holding 
apparatus so as to be supported. A secured portion 101 of the 
conductive connecting pin 100 is brought into contact with the 
conductive adhesive agent 17 in the opening 16. Then, a ref lowing 
operation is performed at 240°C to 270°C so that the conductive 
connecting pin 100 is secured to the conductive adhesive agent 
17 (see Fig. 45) . As an alternative to this, a structure obtained 
by forming the conductive adhesive agent into a ball-like shape 
or the like may be introduced into the opening . As an alternative 
to this, joining to the plate-like secured portion of the 
conductive connection pin is performed to join the conductive 
connection pin. Then, ref lowing may be performed. 

The opening 18 formed in the upper surface of the package 
substrate 431 is provided with a solder bump 60 which can be 
connected to an element such as an IC chip. 

The conductive connecting pin 100 according to the present 
invention is a so-called T-shape pin incorporating a plate-like 
secured portion 101 and a columnar connection portion 102 
pro: ect ing over substantially the central portion of the secured 
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portion 101. The plate-like secured portion 101 is a portion 
which is secured to the outermost conductor layer 5 of the package 
substrate serving as the pad 16 through the conductive adhesive 
agent 17. The shape of the secured portion 101 is formed into 
an arbitrary shape, such as a circular shape or a polygonal shape 
adaptable to the size of the pad. The shape of the connection 
portxon 102 may be any shape which can be inserted into the 
connection portion, such as the terminal of another substrate 
For example, the shape may be a cylindrical shape, a prism shape, 
a conical shape or a pyramid shape. 

The conductive adhesive agent 17 for use in the package 

substrate accordinq to the ores^nh ^™ n f< n K& 

^ _w^> » v-m,j.on may oe soiaer 

(tin-lead, tin-antimony, silver-tin-copper or the like) 
conductive resin or conductive paste. It is preferable that 
the melting point of the conductive adhesive agent satisfies 
a range from 18 0°C to 2 80°C. 

When the conductive adhesive agent 17 is constituted by 
solder, it is preferable that solder having a composition that 
Sn/Pb - 95/5 or 60/40 is employed. It is preferable that the 
melting point of the employed solder satisfies a range from 180°C 
to 280 C . It is most preferable that the melting point satisfies 
a range from 200°C to 260°C. 

Fig. 50 is a plan view showing a plane layer 21 . The plane 
layer 21 is provided with a circular portion 21a in which any 
conductor is not formed so as to be formed into a mesh shape 
The connection portion 21b to which the conductive connecting 
pan 1S connected is formed in a portion except for the portion 
21a in which a conductor is not formed. Note that the mesh may 
be formed into a rectangular shape as a substitute for the circular 
shape. The mesh may be omitted from the plane layer. 

As shown in Fig. 45, a package substrate 431 according 
to the fourth embodiment of the present invention has the plane 
layer 21 provided for the surface of the substrate and 
constituting the power source layer. The conductive connecting 
pin 100 is directly connected to the plane layer 21 so that the 
electric resistance from the external substrate (for example 
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the daughter board) to the plane layer 21 is lowered. Asaresult 
supply of electric power from the daughter board can be 
facilitated. Thus, supply of l ar ge electricity to the IC chip 
is permitted. As a result, the plane layer 21 constituting the 
5 power source layer has a satisfactory function. 
[First Modification] 

Fig 46 shows the cross section of a package substrate 
4 32 according to a first modification of the present invention. 

10 t^ 13 M enlar9Sd Vle " Sh °" in9 the Pad P° rtion P™v ided 
with the conductive connecting pi n no enclosed in a circle shown 
in Fig. 46. 

The pad 16 of the package substrate 432 according to the 
first modification is, as shown in Fig. 47, covered with the 
orgamc resin insulating layer (the through hole layer) IShaving 
15 the opening 18 through which the pad 16 is partially exposed 
to the outside. The secured portion 101 of the conductive 
connecting pin 110 is, through the conductive adhesive agent 
(Sn/Sb = 95:5) 17, connected to the pad 16 exposed to the outside 
through the opening 18 . As can be understood from the drawing, 
0 the organic resin insulating layer 15 holds and covers the 
periphery of the pad 16. Therefore, if stress is applied to 
the conductive connecting pin 110 when the heat cycle test is 
performed or when the package substrate is mounted on the mother 
board, breakage of the pad 16 and separation from the organic 
> resin insulating layer 15 can be prevented. If different 
materials, such as metal and resin, are bonded to each other 
separation does not easily occur. 

As shown in Fig. 46, the package substrate according to 
the first modification of the present invention has the structure 
that the plane layer 21 for constituting the earth layer is formed 
on the surface of the substrate. Moreover, the conductive 
connecting pin 110 is directly connected to the plane layer 21 
Therefore, the electric resistance from the external substrate 
(forexample, the daughterboard) to the plane layer 21 is lowered 
As a result, also the plane layer which constitutes the earth 
layer is connected to the earth line on the daughter board side 
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throuah the ductive connecting pin havi 

Thus, 1S e agnation can be sufficient^ perform. 

The package substrate 432 according to the first 
modification lncorporates the ^^^^ J He ^ fi 

* which is made of at least one type of a materia! having J cellen l 
f exrbility and selected f ro m copper, a copper alioy, tTn Lc 
aluminum and noble metal . m particular, it is pref erab e thar 

excellent electric characteristics and processability as the 
» conductive connecting pln C an be obtained. The foregone 

Tort ™ eCtin9Pinm — "d„ithanother m etaT 
order to prevent corrosion or enlarge strength. 
As can be understood from Fio 4 7 th= 

connecting pi„ 110 ls ma de of the Iteria! hav COndUCt "» 

■fi ■i^.-,. material having excellent 

flexibility. Therefore, stress applied to the conduct" 

suostrate can be absorbed surh i-h*i- ^-k^ 

. , cea such that th e connection portion 102 

;™ r firrr d wlth a — - - — 

accordlna't 48 Sh °" S "^^ ° f * 433 

t n 3 ™ ™ d «-tion of the present invention. 
Fig. 49 is an enlarged view showing a pad portion provided with 

As can be understood from Fia 4 9 f„ Q 
~„ ^ . y * the conductive 

connecting pin 120 of the package ctive 

he S econd m odificationhastheconstrictionportionl03provLe d 

exibuTt n ; e c Ctl °: T i0n there0£ ' The " f °«' 
flexibility can be obtained and, therefore, the conductive 

connecting pin 120 can easily be bent, stress applied to the 
conductive connecting pin 120 when the parage substrate 

oxned to the mother board or the lik e can be absorbed becaus 
the connection portion !02 is bent through the constriction 
portion 103. ""s^iaion 

[Third Modification] 

The structure is basically the same as that according to 
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the first modification . A structure obtained by forming solder 
into a ball-like shape is joined to the conductive connecting 
pin. Then, the conductive connecting pin is disposed. 

In the fourth embodiment, the conductive connecting pin 
is directly connected to the plane layer so that electric 
resistance from the external substrate to the plane layer is 
lowered. As a result, the function of the plane layer can be 
improved. 

Fig. 51 shows results of evaluation of the package 
substrate according to the first embodiment. The following 
factors were evaluated: smallest strength of adhesive bonding 
of the joined conductive connection pin, states of each pin after 
a heating test (reproduction of virtual IC measured state and 
evaluation performed such that a substrate having the pin is 
allowed to pass through a nitrogen reflow furnace set to 250°C) 
and heat cycle condition (1000 cycles each consisting of one 
cycle in which 130t/3 minutes + - 65°C/3 minutes) smallest 
strength of adhesive bonding and conduction test. 
<Fifth Embodiment> 

A package substrate according to a fifth embodiment and 
a manufacturing method therefor will now be described. 

Initially, a circuit board having a surface on which a 
conductor circuit is formed is manufactured. The substrate may 
be a resin insulating substrate, such as a glass epoxy substrate, 
a polyimide substrate or a bismaleimide-triazine resin substrate, 
a copper-clad laminate plate, a ceramic substrate, a metal 
substrate or the like. An interlayer resin insulating layer 
is provided for the foregoing substrate, and then the interlayer 
resin insulating layer is coarsened so that a coarsened surface 
is formed. The overall surface of the coarsened surface is 
subjected to an electroless plating to have a thin thickness. 
Then, plating resist is formed, and then electrolytic plating 
is performed to have a large thickness in the portion in which 
the plating resist is not formed. Then, the plating resist is 
removed, and then an etching process is performed so that a 
conductor circuit composed of the electrolytic plated film and 
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an electroless plated film is formed. Either of the conductor 
circuits is constituted by a copper pattern. 

The substrate having the conductor circuits formed thereon 
is provided with a recess owing to the conductor circuit or the 
5 through hole. To plug the recess, a resin filler is applied 
by printing or the like. After the substrate has been dried 
excess portion of the resin filler is ground by a grinding 
operation to expose the conductor circuit to the outside Then 
the resin filler is mainly hardened. 
10 . Th6n ' 9 coar sened layer is provided for the conductor 
circuxt . It is preferable that the coarsened layer is a coarsened 

sur.aceofco PP erformedbyanetching P rocess,agrinding P roce SS , 
an oxxdxzing process or an oxidizing and reduction process or 

acoarsenedsurfaceconstitutebyaplatedfilm. It is preferable 
that the maximum height Ry of the asperities on the coarsened 
layer is 1 mm to lOura. 

Then, an interlayer resin insulating layer is formed on 
the coarsened surface of the conductor circuit. The foregoing 
interlayer resin insulating layer can be formed by using an 
adhesive agent for electroless plating. The adhesive agent for 
electroless plating constitutes thermosetting resin as the base 
thereof. If necessary, hardened heat-resisting resin particles, 
heat-resisting resin particles which are dissolved in acid or 
an oxidizer, inorganic particles or a fibrous filler may be 

containedintheforegoingadhesiveagentforelectrolessplating. 
The foregoing resin insulating layer is formed between the lower 
conductor circuit and the upper conductor circuit so as to be 
formed into the interlayer resin insulating layer 

A plurality of the foregoing resin insulating layers may 
be^ provided. For example, the lower layer is formed into a 
reinforcing layermade of inorganicparticles, the fibrous filler 
and a resin base. On the other hand, the upper layer may be 
formed into the adhesive agent layer for electroless plating 
As an alternative to this, heat-resisting resin particles which 
have an average particle size of 0 . 1 „ m to 2 . 0 * m and which may 
be dissolved in acid or an oxidizer are dispersed in 
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heat-resisting resin which is refractorv wit-h 

or- ■ ,. ieiractory wxth respect to ar-iH 

or the oxxdizer to form the lower laver n n ^ u 

the adhesive aqent lav.r , thS ° ther hand ' 

into the upper Ta yer y eleCt ^- PLting ,ay be formed 

— has been 

catalyst cor^c? t-h -; ~ ou PP-Liea with 

Then, a photosensitive rpqi n fnir, / ^. 

on the for me d electrons plated 11 ^ ' 

:~ ■- Plated film. Then, a photom*^ 

5 acid aT' etChing SOlUti ° n ' SUCh aS mixed solut -n of sulfuric 
acid and peroxide, sodium persulf^* • 1C 

ferric chloric Persulfate, ammonium persulfate, 

rric chloride or cupric chloride is used ^ r 
electroless plated film Thu , " ° remOVe the 

cirnH , w . ' Thus ' an ^dependent conductor 

y cnromio acid, sulphated water or the like 

circuit h o e n n 't h r-T Sened ^ ** l0Zm " 0 " the «■>*«*« 
on the right side of the substrate. It is preferable 
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that the formed coarsened layer is a coarsened layer of copper 
formed b y an etching process, a grinding process, an oxid^zl! 
process or an oxidizing and reducing process or a coarsened layel 
constituted by plated film. Y 

6 insulatinc'l 3 ^ ^ " thS ™* ™i» 

on the h aCC ° rding t0 f " th -*x«»»nt is formed 

on the conductor circuit. The thickness of the solder resist 

T™:*" 9 t0 T PrSSent lnVentl ° n * — 

10 thirlr Particular, it is preferable that the 

10 thickness is 5j» to 40«m. 

If the thickness is too small, the function of a solder 
dam cannot be obtained. If the thickness is too large tL 
°™ cannot easilyfee formed _ ^ ^ 

with the solder occurs, causing a crack to be formed. 

A metal la' ^ ° Penln9 " " ^ " sist ^yer. 

A metal layer constituted by one or more types of materials 

selected from gold, silver, copper, nickel, tin, aluminum a d 
Phosphorus, chrome, tungsten, molybdenum, titanium, P lati nu m 
and solder may be formed in the opening. Th e metal layer may 
20 be formed by any one of ni,Hn n Y may 

capable nfl Plating, evaporating and sputtering 

capable of formxng the metal layer. 

Although two metal layers are formed in the following 
description, the number of the metal i™ ar . u xowln g 

cne metal layer may be one or three 
ormore. As an = „_ ^ _ . , . Luxee 



- — j ~- ^j. cnxee 

25 An ^^^""^"^^thia.themetallayermaybeomitted 
25 An example case in which the metal layer is provided for the' 
opening will no „ be deS cribed. The Mtal constitute l 
by nic el or gold. The reason why the metal layer is formed 

^evented ^ ™* * 

30 A nickel Plated layer is formed in 

j-^j- j.ormea m the openina bv 

• ectroless plating. An example of the composition of nickel 

Plating solution is as follows: nickel sulfateby 4 . 5 g/1, sodium 
hypop h ph t , y 25 g/1 , sodlum citrate by ^ g/ ^ » 

by 12 g/1 a „ d thlourea by g/1 (pH _ _ degreaslng 

anTth 10 " ^ ^ ° lean OPenin9 ^ SOld " Cr 

andthesurface. Then, acatalyst, such as palladium, issupplied 
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to the conductor portion exposed over the opening to activate 
the material . Then, immersion in plating solution is performed 
so that a nickel plated layer is formed. 

It is preferable that the thickness of the nickel plated 
5 layer is 0.5/zm to 20^m, more preferably 3/l m to 10/zm. If the 
thxckness is too small, the connection between the solder bump 
and the nickel plated layer cannot easily be established if 
the thickness is too large, occupancy of the solder bump formed 
in the opening is inhibited. In the foregoing case, peeling 
10 sometimes occurs. 

After the nickel plated layer has been formed, gold plating 
xs performed to form a gold plated layer having a thickness of 
0.01/zm to O.l^m, preferably about 0.03/zm. 

After the solder resist has been formed, an opening for 
exposing the conductor circuit is formed or a recess for improving 
adhesiveness of the projecting pin is formed around the opening 
The recess is formed by exposing and developing. As an 
alternative to this, carbon dioxide gas laser, excimer laser 
or YAG laser is used. As an alternative to this, punching may 
beemployed. Aplurality of the foregoing methods maybe employed 
without any problem. 

The diameter of the opening satisfies a range from 100 
nun to 900 mm. The diameter of the recess satisfies a range from 
5 mm to 70 mm. The most suitable shape of the opening and that 
of the recess are circles. The shape may be a polygonal shape, 
such as a rectangular shape or the shape of a star. 

A conductive adhesive layer is formed in the opening and 
therecess. The adhesive agent may be solder, a brazingmaterial 
conductive granular substances and thermosetting resin or 
conductive granular substances and thermoplastic resin It is 
preferable that solder is employed to form the adhesive layer 
The reason for this lies in that great strength of adhesive bonding 
can be obtained and the forming method can be selected from a 
variety of methods. 

When the adhesive layer is constituted by solder a 
material in which Pb is blended by 35 % to 97 % is employed. 
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The solder which does not include the Pb, auch as Sn/Sb, Sn/Ag 
or Sn/Ag/cu may be used. 

When the adhesive layer is constituted by the brazing 
material, at least one material selected from gold, silver, 
copper, phosphorus, nickel, palladium, zinc, indium, molybdenum 
or manganese is employed. In particular, it is preferable that 
gold brazing material constituted by a gold alloy or a material 
called a "silver brazing material" constituted by a silver alloy 
is employed. The reason for this lies in that satisfactory 
conductivity can be obtained and corrosion can sufficiently be 
prevented. 

When the conductive granular substances and the 
thermosetting resin and the thermoplastic resin are used to form 
the adhesive layer, it is preferable that the granular substances 
are constituted by metal, an inorganic material and resin. The 
reason for this lies in that the linear expansion coefficient 
and the melting point with respect to the resin can easily be 
adjusted. Moreover, dispersion and coagulation do not easily 
occur when mixing with resin is performed. Note that substances 
except for the foregoing substances may be employed. The 
material constituted by the conductive and granular substances, 
such as metal or the conductive resin is, as it is, or coated 
with a metal layer is employed as the conductive and granular 
material. The material constituted by the non-conductive 
substances, such as the inorganicmaterial or the resin, is coated 
with the metal layer and the conductive, and then used as the 
conductive and granular substances. The foregoing conductive 
resin is stirred, mixed and uniformly distributed in the 
thermosetting resin or the thermoplastic resin. Then, the 
foregoing material is employed to form the adhesive layer. It 
is preferable that the resin is the thermosetting resin. The 
reason for this lies in that a satisfactory operability can be 
realized at room temperatures and filling of the opening can 
be reliably performed. 

The conductive adhesive layer is formed by printing, 
plating, potting or resist etching. The foregoing method is 
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a method for filling the opening in the solder resist with the 
foregoing material . Another method may be employed with which 
applying and coating of the foregoing material to the bonding 
surface of the projecting pin are performed. Then, insertion 
into the opening is performed. 

After the adhesive layer has been formed, the projecting 
pin is disposed above the opening. The number of the projecting 
pin may be one, or one or more projecting pin may be provided. 
The material may be a metal material, such as gold, silver, iron, 
nickel, cobalt, tin or lead or a non-conductive material, such 
as ceramics. In the latter case, conductive metal is used to 
cove the projecting pin to establish the pler-t-r,v a i n on n P ,f^„ 

The shape of the bonding surface of the projecting pin 
may be a flat shape. In a case where the recess is provided 
around the opening, a projection may be provided so as to be 
inserted into the recess. The package substrate according to 
this embodiment has the structure that when mounting on an 
external substrate is performed, the projecting pin disposed 
on the substrate is engaged and connected to the connection 
portion of the external substrate. Therefore, concentration 
of stress occurring when heat crimping is performed can be relaxed . 
As a result, a crack and breakage of the projecting pin and the 
portion for holding the projecting pin can be prevented. 

Even under the heat cycle condition of the reliability 
test, occurrence of a crack andbreakage of the connection portion 
can be prevented as compared with the substrate provided with 
the BGA. 

A package substrate and a manufacturing method therefor 
according to the fifth embodiment will now be described with 
reference to the drawings. 

The structure of a package substrate 510 according to the 
fifth embodiment will now be described with reference to Figs. 
59 and 60 . Fig. 59 shows the cross section of a package substrate 
(a package substrate) 510 before an IC chip 590, which is a 
semiconductor element, is mounted. Fig. 60 shows the cross 
section of the package substrate 510 on which the IC chip 590 
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has been mounted and which has been joined to a mother board 
(the external substrate) . As shown in Fig. 60, the IC chip 590 
has been mounted on the upper surface of the package substrate 
510 . The lower surface of the package substrate 510 is connected 
to a daughter board 594. 

Referring to Fig. 59, the structure of the package 
substrate will now be described. The package substrate 510 
incorporates a multilayer core substrate 530 having right and 
reverse sides on which build-up circuit layers 580A and 580B 
are formed. The build-up layer 580A incorporates an interlayer 
resxn insulating layer 550 provided with a via hole 560 and a 
conductor electric circuit 558; and an interlayer resin 
insulating layer 650 provided with a via hole 660 and a conductor 
electric circuit 658. The build-up circuit layer 580B 
incorporates an interlayer resin insulating layer 550 provided 
with a via hole 560 and a conductor electric circuit 558; and 
an interlayer resin insulating layer 650 provided with a via 
hole 660 and a conductor electric circuit 658. 

Aprojectingpin 576A for establishing the connection with 
a connection portion 592 (see Fig. 60) of the IC chip 590 is 
disposed on the upper surface of the package substrate 510 . On 
the other hand, a projecting pin 576A for establishing the 
connection with a connection portion 596 (see Fig. 60) of the 
daughterboard (a sub-board) 594 is disposed on the lower surf ace 
The projecting pin 576A is connected to the via hole 660 and 
the conductor electric circuit 658 through solder 575 . Although 
also the projecting pin 576A is provided for the daughter board 
m this embodiment, a conventional structure may be employed 
m which a land is provided for the daughter board. 

The projecting pin 576A incorporates conical projections 

which are inserted into a connection portion 592 of the IC chip 

590 and a connection portion 596 of the daughter board 94 . The 

projecting pin 576A is made of covar. 

A process for mounting the IC chip 590 on the package 

substrate 510 will now be described with reference to Fig. 61. 

Fig. 61 (A) shows the IC chip before mounting, while Fig. 61 
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(B) is an enlarged view showing the projecting pin 576A indicated 
with symbol H shown in Fig. 60. 

As shown in Fig. 61 (A), the connection portion 592 of 
the IC chip 590 and the pro j ectingpin 57 6A of the package substrate 
510 are located such that the two elements correspond to each 
other. Then, pressure is applied in a heating state so that 
the projecting pin 57 6A is inserted into the connection portion 
592 (see Fig. 61 (B) ) . 

Another example will now be described with reference to 
Fig. 70. In this example, a through hole serving as the 
connection portion 596 is formed in the daughter board 594 . The 
locating of the package substrate 510 and the daughter board 
is performed (see Fig. 70 (A)), and then pressure is applied 
to the substrate 10 in a state in which no heat is applied. Then, 
the projecting pin 57 6A is inserted into the foregoing through 
hole (the connection portion) 596 (see Fig. 70 (B) ) . 

In the foregoing example, when pressure is applied in a 
state in which no heat is applied, the projecting pin 57 6A of 
the package substrate is inserted into an electrode (the 
connection portion 596) of the daughter board 594 . Thus, stress 
which is applied when the crimping process is performed can be 
relaxed. Therefore, occurrence of a crack and breakage of the 
projecting pin and the holding portion (the solder portion) 575 
for the projecting pin at the time of the mounting operation 
canbe prevented. Since a large joining area is permitted between 
the projecting pin 57 6A and the adhesive layer (the solder layer) 
575, the strength of adhesive bonding can be enlarged as compared 
with the conventional structure constituted by the solder bump. 

An embodiment of the projecting pin will now be described 
with reference to Fig. 71. Basically, the projecting pin 576A 
has one projecting pin 576a as shown in Fig. 71 (A) . Two or 
more projecting pins 576C may be provided as shown in Fig. 71 
(C) without any problem. If two or more projecting pins are 
provided, parallel disposition is permitted to surround one 
projecting pin. The shape of the projecting 576a is formed into 
the conical shape. As an alternative to this, a projecting pin 
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576B formed into a cylindrical shape as shown in Fig. 71 (B) 
may be employed. 

It is preferable that the lower surface (the bonding 
surface) of the projecting pin 576A is flat. If a recess is 
provided around the opening, a projecting pin 576D formed as 
shown in Fig. 71 (D) may be employed such that a pin-shape 
projection 576b is provided for the bonding surface (the bottom 
surface) . Thus, the strength of adhesive bonding of the 
projecting pin can be enlarged. 

The proj ecting pin 57 6A is made of covar and 42-alloy which 
are iron alloys and phosphor bronze which is a copper alloy. 
The projectina Din 57 6A is- as <=h™-T ^ r^o n / n v ->i 
and 71 (D) , constituted by one type of metal or an alloy. As 
an alternative to this, projecting pins 576B and 576E shown in 
Figs. 71 (B) and 71 (E) may be employed which are made of ceramic 
77 in order to enlarge the strength. Then, the surface of the 
projecting pin is coated with a metal layer. 

An example of the method of manufacturing the package 
substrate according to the fifth embodiment will now be 
described. 

Manufacture of Package Substrate 

( 1 ) A starting material was a copper-clad laminate plate 530A 
structured such that copper foil 532 having a thickness of 18 
^m was laminated on each of the two sides of a substrate 530 
made of glass epoxy resin or BT (bismaleimide-triazine) resin 
(step (A) shown in Fig. 52) . Initially, a hole was formed in 
the copper-clad laminate plate 530A by drilling, and then 
electroless plating was performed . Then, etching was performed 
to correspond to the pattern. Thus, an inner copper pattern 
534 and a through hole 536 were formed on each of the two sides 
of the substrate 530 (step (B) shown in Fig. 52) . 

(2) The substrate 530 having the inner copper pattern 34 and 
the through hole 536 was cleaned with water, and then the substrate 
530 was dried. Then, oxidizing bath (a blackening bath) composed 
such that NaOH (10 g/1) , NaC102 (40 g/1) and Na304 (6 g/1) and 
reducing bath composed of NaOH (10 g/1) and NaBH4 (6 g/1) were 
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used so that oxidizing-reducing process was performed. Thus, 
a coarsened layer 538 was formed on the surfaces of the inner 
copper pattern 534 and the through hole 536 (step (C) shown in 
Fig. 52). 

(3) A raw material composition for preparing a resin filler 
was mixed and kneaded so that the resin filler was prepared. 

(4) The resin filler prepared in step (3) was applied to the 
two sides of the substrate 530 by using a roll coater within 
24 hours from the preparation. Thus, the resin filler was filled 
between the inner copper pattern 34 and the inner copper pattern 
534 or in the through hole 536. Then, the resin filler was dried 
at 70°C for 20 minutes. Also another snrfar P 0 „Kn 0 ,f P ^ 4-~ 
a similar process . Thus, the resin filler 540 was filled between 
the inner copper patterns 534 or in the through hole 536. Then, 
the resin filler 540 was dried at 70°C for 20 minutes (step (D) 
shown in Fig. 52) . 

(5) Either side of the substrate 530 subjected to step (4) 
was ground by belt sander grinding using a # 600 belt grinding 
paper (manufactured by Sankyo) . Then, buffing was performed. 

Then, a heat process was performed at 120°C for one hour 
and at 150*0 for one hour so that the resin filler 540 was hardened . 

(6) The package substrate having the conductor circuit formed 
thereon was decreased with an alkaline material so that soft 
etching was performed. Then, a process was performed by using 
catalyst solution composed of palladium chloride and organic 
acid so that Pd catalyst was supplied. The foregoing catalyst 
was activated, and then immersed in electroless plating solution 
composed of copper sulfate by 3 . 2 X 10" 2 mol/1, nickel sulfate 
by 3.9 X 10" 3 mol/1, a complexing agent by 

5.4 X 10 -2 mol/1, sodium hypophosphite by 3.3 X 10" 1 mol/1, boric 
acid 5.0 X 10 _1 mol/1 and surface active agent (Surfil 4 65 
manufactured by Nissin) by 0 . 1 g/1 and having PH = 9 . One minute 
after the immersion, vertical vibrations and lateral vibrations 
were performed one time/four second. Thus, a coating layer 
constituted by a needle alloy composed of Cu-Ni-P and a coarsened 
layer 542 were formed on the surface of the inner copper pattern 
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534 and that of a land 536a of the through hole 536 (step (F) 
shown in Fig. 53). The maximum height of asperities of the 
coarsened layer 542 was 3 fim. 

After the coarsened layer was formed, Cu-Sn substitution 
5 reaction was caused to take place under conditions that tin 
borofluoridebyO.lmol/1, thiourea by 1.0 mol/1, the temperature 
was 35°C and PH - 1.2. Thus, an Sn layer (not shown) having 
a thickness of 0.3 w was formed on the surface of the coarsened 
layer . 

10 (7) A raw material for preparing the interlayer resin 
insulating material was stirred and mixed so that the viscosity 
was adjusted to 1.5 Pa • s. Thus, an inter 1 ay^r — -i r ^ s „-.,^-., 
material (for the lower layer) was obtained. 

Then, a rawmaterial composition for preparing the adhesive 
agent for electroless plating was stirred and mixed so that the 
viscosity was adjusted to 7 Pa • s . Thus, the adhesive agent 
solution for electroless plating (for the upper layer) was 
obtained. 

(8) The two sides of the substrate 530 manufactured in step 
(6) was coated with the interlayer resin insulating material 
(for the lower layer) 44 obtained in step (7) and having the 
vrscosity of 1 . 5 Pa • s by a roll coater 24 hours after the 
preparation. Then, the substrate 530 was allowed to stand for 
20 minutes in a horizontal state. Then, drying (prebaking) was 
performed at 60°C for 30 minutes. Then, the photosensitive 
adhesive solution (for the upper layer) 46 obtained in step (7) 
and having the viscosity of 7 Pa • s was applied 24 hours after 
the prepared. Then, the substrate 530 was allowed to stand for 
20 minutes in the horizontal state. Then, drying (prebaking) 
at 60 C was performed for 30 minutes. Thus, an adhesive layer 
550a having a thickness of 35,um was formed (step (G) shown in 
Fig. 53) . 

(9) A photomask film 551 having a printed black circle 551a 
having a diameter of 85 mm was made in hermetic contact with 
each of the two sides of the substrate 530 having the adhesive 
layer 550a formed in step (8). Then, an extra-high pressure 
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mercury lamp was operated to perform exposure with 500 mJ/cm2 
(step (H) shown in Fig. 53). Then, spray development was 
performed by using DMTG solution. Then, the substrate was 
exposed with the extra-high pressure mercury lamp with 
3000 mj/cm2, and then a heating process was performed at 100°C 
for one hour, 120V for one hour and 150°C for three hours (post 
baking). Thus, an interlayer resin insulating layer (a 
two-layer structure) 550 incorporating an opening (an opening 
for forming the via hole) 48 having a diameter of 85 mm 
corresponding to the photomask film, exhibiting excellent 
dimension accuracy and having a thickness of 35 mm was formed 

(step (I) shown in Ficr. 541 Mnf 0 +-^f ^ hck , . , n 

^- unat une Lin piated layer 

(not shown) was partially exposed in the opening 548 for a via 
hole. 

The interlayer resin insulating layer can be made by using 
a resin film of which the via hole is formed by the photo or 
the laser. 

(10) The substrate 530 having the formed opening 48 was immersed 
in chromic acid for 19 minutes. Then, epoxy resin particles 
present on the surface of the interlayer resin insulating layer 
550 were dissolved and removed so that the surface of the 
mterlayer resin insulating layer 550 was coarsened (step (J) 
shown in Fig. 54). Then, the substrate 530 was immersed in 
neutral solution (manufactured by Shiplay) , and then the 
substrate 530 was cleaned with water. 

Then, palladium catalyst (manufactured by Atotech) was 
supplied to the surface of the substrate subjected to the 
coarsened process (a depth of coarsening was 6*m> so that 
catalyst cores (not shown) were supplied to the surface of the 
interlayer resin insulating layer 550 and the inner surface of 
the opening 548 for a via hole. 

(11) The substrate was immersed in electroless copper plating 
solution having the following composition so that an electroless 
copper-plated film 552 having a thickness of 0 . 6 „ m to 1 2 u 
m was formed on the overall surface of the coarsened surface 
(step (K) shown in Fig. 54). 
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[Electroless Plating Solution] 

EDTA 0.08 mol/1 

Copper Sulfate 0 .03 mol/1 

HCH0 0.05 mol/1 

Na0H 0.05 mol/1 

a, a'-bipyridyl 80 mg /l 

PEG 0.10 g/1 

[Electroless Plating Conditions] 

20 minutes such that the resin of the solution was 65°C 

(12) A marketed photosensitive dry film was applied to the 
surface of the electroless copper-plated film 552 formed in step 

ll\nT n ' a 2 maSkwas P laced ' and then, exposure was performed 
wxth 100 mJ/cm 2 . Then, a development process was performed by 
usxng 0.8% sodium carbonate. Thus, a plating resist 554 having 
a thickness of l 5/ zm was formed (step (L) shown in Fig. 54) 

(13) Then, the portion in which no resist was formed was 
subjected to electrolytic copper plating under the following 
conditions so that an electrolytic copper-plated film 556 having 
a thxckness of l 5 /,m was formed (step (M) shown in Fig. 55) 
[Electrolytic Plating Solution] 

Sulfuric Acid 2-24 mol/1 

Copper Sulfate 0 .26 mol/1 

Additive (CAPALASIDE HL manufactured by ATOTECH) 

19.5 ml/1 
[Electrolytic Plating Conditions] 

Density of Electric Currentl A/dm2 
Duration 65 minutes 

Temperature 22 ± 2 °C 

(14) The plating resist 554 was separated and removed by using 
30 5 « KOH. Then, the electroless plated film below the plating 
resxst was etched with mixed solution of sulfuric acid and 
hydrogen peroxide so as to be dissolved and removed. Thus a 
conductor electric circuit 558 composed of the electroless copper 
Plated film and the electrolytic copper plated film and a 
35 thxckness of 18 and a via hole 560 were formed (step (N) shown 
in Fig. 55) . 
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(15) A process similar to that in step (6) was performed so 
that a coarsened layer 562 made of Cu-Ni-P was formed. Then 
Sn-substitution of the surface was performed (step (0) shown 
in Fig. 55) . 

5 Without using the plating alloy, the coarsened layer can 

be made by the etching (second copper complex and organic acid 
salt) . 

(16) Steps (7) to (15) were repeated so that the upper conductor 
electric circuit 658 and the via hole 660 (the conductor circuit) 

10 were formed. Thus, a multilayer printed circuit board was 
obtained (step (P) shown in Fig. 55). Note that the Sn 
substitution was not performed. 

(17) On the other hand, 4 6 . 67 g of oligomer (having a molecular 
weight of 4000) which was obtained by forming 50 % of epoxy bases 

15 of 60 wt% cresol novolak epoxy resin (manufactured by Nippon 
Kayaku) dissolved in DMDG into acrylic material and with which 
was given the photosensitive characteristic, 15.0 g of 80 wt% 
bis phenol A-type epoxy resin (EPICOAT manufactured by Yuka 
Shell) dissolved in methyl ethyl ketone, 1.6 g of imidazole 
10 hardener (2E4MZ-CN manufactured by Shikoku Kasei), 3 g of 
polyhydric acrylic monomer (R604 manufactured by Nippon Kayaku) 
which is photosensitive monomer, 1 . 5 g of polyhydric acrylic 
monomer (DPE6Amanufacturedby Kyoeisha) and 0 . 71 g of dispersing 
defoaming agent (S-65 manufactured by Sannopko) were mixed with 
5 one another. Then, 2 g of benzophenone (manufactured by Kanto 
Kagaku) serving as a photoinitiator and 0 . 2 g of Michler ' s ketone 
(manufactured by Kanto Kagaku) serving as a photosensitizer were 
added. Then, the viscosity was adjusted to 2.0 Pa • s at 25°C 
so that a solder resist composition was obtained. 
> (18) Each of the two sides of the multilayer circuit board 
obtained in step (16) was coated with the foregoing solder resist 
composition to have a thickness of 20 Mm. Then, a drying process 
was performed at 70°C for 20 minutes and 70°C for 30 minutes. 
Then, a photomask film (not shown) having a circular pattern 
(a mask pattern) for forming the opening and the recess around 
the opening and having a thickness of 5mm was disposed in close 
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contact. Then, exposure was performed with ultraviolet rays with 
500 mJ/cm so that a recess 571b was formed around the opening 
(step ( B ) shown in Fig. 62) Then, photomask film (notshown) having 
_ a circular pattern (a mask pattern) for forming the opening drawn 
> thereon and having a thickness of 5 mm was placed in closed contact 
Then exposure was performed with ultraviolet rays with 1000 
mJ/cm , and then the DMTG development process was performed 
Then, a heating process was performed at 80°C for one hour, 100°C 
for one hour, 120<C for one hour and 150°C for three hours so 
that the solder pad portion (including the via hole and its land 
portion) was formed into the opening 571 (having a diameter of 
200^m). Thus, a solder resist layer (having a thickness of 
20 M m) 570 was formed (step (Q) shown in Fig. 56). 
(19) Then, solder 575 having a composition that Sn/Pb =4-6 
and serving as the adhesive layer was formed on the surface of 
the opening 571 of the solder resist layer 570 to have a thickness 
or 18/zm (step (R) shown in Fig. 56). 

On the other hand, the projecting pin 57 6A constituted 
by42-alloywassu P portedbyapinholdin gj ig (notshown) . Then 
flux was applied to the inner surface of the opening 571, and 
then ref lowing was performed in a state in which the jig holding 
the projecting pin 576A was made contact with the package 
substrate so that the projecting pin 576A was connected to the 
solder 575. Thus, a package substrate 510 having the proj ecting 
pin metal pin was obtained (see Fig. 57). 
(First Modification) 

The basic structure was the same as that according to the 
fifth embodiment . A metal layer was formed on the inner surface 
of the opening. 

Steps (1) to (18) were the same as those according to the 
fifth embodiment . An opening 571 having an opening 57 1 was formed 
(step (Q) shown in Fig. 58) . 

(19) The substrate having the opening in the solder resist layer 
hereof was immersed in an electroless nickel plating solution 
composed of nickel chloride by 30 g/1, sodium hypophosphite by 
10 g/1 and sodium citrate by 10 g/1 and having p H = 5 for 20 
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~»ut... Thus, a nickel layer 572 having a thickness of 5„ 
- was proved for the opening. Then, the substrate 530 was 
versed in an electrons plating solution composed o gl d 

Citrate by 50 g/1 and sodium hypophosphite by !0 g/1 at 93<C 
for23seco„ds. Thus, a gold-plated layer 574 havingl thickness 

in Fig 5 ;r S °" niCkSl layer " 2 <SteP <R) Sh °™ 

(20) Then, solder 575 having a composition that Sn/Pb - 4-6 
servxng as the adhesive layer for the opening 57! of the solder 

o7iT™ yer 570 was f ormed by ™ ak pri ""- - ^ • tMZ. 

5 bv 42 aTlo the 0th " Pr ° 3eCti ^ P« 576A constituted 

6 - ail °^--PP°rtedb y apinholding:ig ( notsho„n). Then 
„ flux was applied to the inner surface of the opening 57! and 

then renewing was performed at 200t in a state where the : ig 
supporting the projecting pin 57 6fl was made contact with the 
package substrate so that the connection was established, 
a package substrate 510 incorporating the projecting metal p n 
was obtained (see Fig. 59) . P 
(Second Modification) 

fifth T! aSiC StrUCtU " Was the - that according to the 

fifth embedment . Pour recesses were formed around each opening 

fifth "Tl^ t0 Same aS th ° se -cording to the 

fifth embodiment. 

(18) Each of the two sides of the multilayer circuit board 10 
obtained in step ,16, was coated with the solder resist 

iTs^ J 0 ^ ^ 8 thlCtoeSS ° f 2 °"» «»' -^"n 

ig. 62) . Then, a drying process was performed at 70<C for 20 

minutes and 70^ for 30 minutes. A photomask film (not sho ^ 
havingacircularpattern (amaskpattern) for forming the opening 
and the recess around the opening and having a thickness of 5 
» was disposed in close contact. Then, exposure was performed 
with ultraviolet ravs with ^nn mT / 2 , 
, , rays Wlth 500 mJ/cm 2 , and then the DMTG 

development process was performed Then „ h~ «- • 

p xj-ormea. -Then, a heating process was 
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performed at 80°C for one hour, 100°C for one hour, 120°C for 
one hour and 150°C for three hours . Thus, the solder pad portion 
(including the via hole and its land portion) was formed into 
the opening 571 (having a diameter of 150 ^m) . Thus, a solder 
resist layer (having a thickness of 20 n m) 70 having four recesses 
571b each having a diameter of 10^m and a depth of 10^m around 
the opening 571 on the diagonal was formed (step (C) shown in 
Fig. 62). 

(19) As the adhesive layer of the opening 571 of the solder 
resist layer 570, solder 575 having a composition that Sn/Pb 
= 4:6 was formed by mask printing to have a thickness of 18 
/um (step (D) shown in Fig. 63). 

On the other hand, the projecting pin 576D (see Fig. 71 
(D) ) constituted by 42-alloy was supported by a pin holding jig 
15 (not shown) . Then, flux was applied to the inner surface of 
the opening 571, and then reflowing was performed to establish 
the connection in a state in which the jig supporting the 
projecting pin 57 6D was made contact with the package substrate . 
Thus, a package substrate 510 having the projecting metal pin 
was obtained (step (E) shown in Fig. 63). 
(Third Modification) 

The structure was basically the same as that according 
to the second modification. As shown in Fig. 64, a metal layer 
was formed in the opening 571. Similarly to the first 
modification, the metal layer was such that the nickel layer 
572 and the gold-plated layer 574 were formed. 
(Fourth Modification) 

The basic structure was the same as that according to the 
first modification. As the metal layer, an aluminum layer was 
formed in the opening. Steps (1) to (18) were the same as those 
according to the first modification. 

(19) The substrate 530 having the opening 571 formed in the 
solder resist layer 570 was subjected to the following process: 
an aluminum layer 672 was, by sputtering, formed on the conductor 
electric circuit 658 and the via hole 660 through which the opening 
571 was exposed to the outside to have a thickness of 4 J um (step 
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(A) shown in Fig. 65) . 

(20, Silver brazing materia! (BAg-8, 75C in a quantity of 0 1 
9 was placed on the aluminum layer 672 of the openi J 571 £ 
as to be dissolved <step ( B, shown inFig. 65) . Then , aproJecting 

material 75C so as to be joined by criming. Thus, a package 
substrate was obtained (step ,C) shown in Fig 65) 9 
(Fifth Modification) 

fifth ^ T i<= StrUCtUre " as the « that according to the 

fifth embodiment. The metal particles in the adhesive iayer 
was copper, while polyimide resin was employed as the 
^_ thermoplasutic resin 

l r^l' 18 ' ^ ~ " — - - first 

(19) The adhesive agent was prepared by using metal particles 
nd thermoplastic resin. Copper which was metal particles „a s 
£ -to spherical shapes having a diameter of lwm 

TrZaZ ^ 6 7' - Pe ^y «» -ided copper particle 
20 " Tth COPP " PartlCl6S haVln ^ the diameter of ! 

ratio"" diamSter ° f — tended at a 

ratio of 3:1, as the thermoplastic resin, stirred in polyimide 
resin such that coagulation was prevented. The filling Llr 

z: d to b :. 85 *■ Thus ' a tatiet 675 * 

50 Mm and a thickness of 10 », „as molded 
^ ZL m h° lded taMet inSe " ed lnt ° the 571 

to 200 C. Then, a projecting pin 576A made of cover was placed 
and then crimping was performed to perform joining. Thus a 
package substrate was obtained (step ,B, shown in Fig 66, 
(Sixth Modification) 9 ' ' ' 

th- h Th ". baSlC StrUCtUre "» the same as that according to the 
third modification . An s» layer was provided for the metal layer 
by Cu-Sn substitutional reaction . As the adhesive layer, silL 
was employed as the inorganic particle and epoxy resin was 
employed as the thermosetting resin 

Steps ,1, to ,16, were the same as those according to the fifth 
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embodiment . 

(17) Before the solder rp^-i^t- 

of tha S1St layer was ^med, the surface 

ot the coarsened laver of ^ ^ 

xciyer or the conductor cirrn-it- wr,o 
tin-suostituted so that a un iayer a thic= a 

o ti m was formed. J 

(18) On the other hand, 46. 67 , of oligomer (having a Secular 

of 60 «, cresol novolak epoxy resin (manufactured by Nippon 
Kayaku, dl lved in DMDG into acryuc ^ y xppon 

> was given the photosensitive characteristic, 15 .0 g o, 80 It* 
Ms phenoi A -ty P e epoxy resin ,„ rCQM 1001 manufact l d ^ 
Shell) dissolved in methyl ethyl ketone. 1.6 g ~<= - id - 0 ,«, 
hardener (2E4MZ-CN manufactured by shikoku Has^,; "3 go 

wh ch t p C h a o°t ryllC TOn0mer <R604 ~tured ^ Nippon Kayaku 
which is photosensitive monomer, 1.5 g of polyhydric acrylic 
monomer <DPE6A manufactured by Kyoeisha, and 0 . 71 g of dispersing 
def earning agent ,3-65 manufactured by Sannopko, wire m^ h 
one another. Then, 2 g of benzophenone (manufactured by Kanto 
Kagaku, serving as a photoinitiator and 0 . 2 g of Michler • , J 

so that a J V1SC ° Slty "* adjUSt8d t0 2 '° Pa -3 at 25t 
so that a solder resist composition was obtained 

of a B tvo 8 ttat ViSC ° Sity mCaSUred by ^ »»• « -tor 
of a B-type viscometer (DVL-B manufactured by Tokyo Keiki) when 

the velocity was 60 rpm and No. 3 rotor of the same when the 
velocity was 6 rpm. 

or'the^T 1 rCSiSt C ° mp0SitiOT 70 »as applied to each side 
of the multilayer circuit board obtained in step ,17) to have 
a thickness of 2 0„m ,step < A , shown in Pig. 67) . ^n 'a dry „ 
process was performed at 70t for 20 minutes and 70* for 30 
«»ut... Then, a photomask film (not shown, having a circular 
Pattern (a mask pattern, drawn thereon and a thickness of 5 1 
was made in hermetic contact and placed. Then, exposure 

D: T Td7 d l" ith UltraVl ° let 1000 >■« theH 

de 7 lo P-"t process was performed. Then, a heat process 
was performed at eoC for one hour, 100* for one hour! 120* 
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for one hour and isoTC for three hours Thu, , i„ 
i aver / l . ^uit>. inus, a solder resist- 

ay« (having a thickness of 20 um) 70 having the opening 57^ 
•having a diameter of 200(lm) constituted oy the soTd er H 
. ^ - ™ . , hoi e and its iand portion, ^ 

oTir™ ~ r ^ . 

drill 630 having a diameter of sn ,° PeiUng 571 usln S a 
67). ^ameter of 50 *m (step (C) shown in Fig. 

10 and ' thl^ ^ """'"ated by inorganic particles 

and thermosettincr resin c-s i • ■ LCies 

particles was toLTiZ a po T ^ °' 

, ,„ _. nt ° a P 0l Wnal shape havino a di a »^ e r 

-x*-. '^-l^inorganicparticleswerei^ersedintcer 
Plating solution, and then the surface laver cf th • Cl<el 
« particle was coated with a nickel layer The 1 

coated with nickel was, as the the™" g 17 ^ 

(20) Potting was performed to insert- f ha ,wk • 

4-1. insert the adhesive aaent 7Rn 

into the opening 571 (sten mi oK ■ . agent /5D 

y j'-l (step ( D) shown m Fig. 68) Th^n +. • 

- ^mLg was pi^r r : riirr::: at 2oot: so that 

obtained (sten nr> «h • Package substrate was 

a < st ep (E) shown in Fig. 68). 

(Seventh Modification) 

The basic structure was the same *«, fh.f 
first modification A, „k according to the 

0 572 " Catl ° n - AS shown ln ^g. 69 (A), nickel plating 
572 was performed as the metal layer Gold m^' piatln 9 
performed Ac +-v^ ■ . plating was not 

Thus, coating with gold was performed. 
(Eighth Modification) 

1 The basic structure was the same as that according to the 

first modification. As shown in Fig 71(E) rh 

rig. / l (E) , the projecting 
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77" trsrr/a^T"" 6 that lnn «^«°« <* cerate 

Thus a oack T * niCkel *" d —tin,. 

Thus, a package substrate was obtained. 

(Ninth Modification) 

5 to a RS !" rin9 10 FlgS • 72 and a package substrate according 
to a „ lnt h modification win no „ be described " 

•f . . J-nitially, an openina 571 -i * 

formed m the solder resist 571 nf a , 

in Fig 72 m Package substrate shown 

m rig. (A) . Then, a recess S7ih=n^ ^ ^ 

f iecess allowed to communica^ "^h 

onductor circuit 658 is formed in the opening 571 (F ^" 
CB». Then, a metal layer 73 made of nickel and so forth is 
formed in the opening 57! (Fig . 72 ,c, , . Then , an adhesive la y e 

T 73 S °; D d :; S ° f ° rth iS °» «» —1 layl 

73 (Fig 73 ,D) , . Finally , th . proje / 

accommodated in the opening 571. f u 

In the ninth modification, the electrical r. 
established with the conductor ^^^JT^.' 
571b as well as the opening 57!. Therefore, transmission^ 
a large capacity electric power and large capacity electric 

;z:i:° the e ™ ~ - ~ --our::; 

(Tenth Modification) 

fifth e T l 6 a" 10 StrUCtUre " the that according to the 

TcoZ T ■ SOWer laySr " 3S in the form of Sn/Sb 

(Comparative Example) ' D> 

fifth H aSi ° StrUCtUIe MS the same as that according to the 
fifth embodiment. The electrode formed from the opening was 
-olded a soider bal! so that an !C chip „ as mounted 

to the eLhtl H 8 ^'" 163 aCC ° rdln9 t0 ' ifth ^i-nt 
to the eighth modification and the comparative example were 

external substrate was mounted (the reliability test) 
occurrence of a crack and breakage of the electrode were compared! 
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Results were shown in the graph shown in Fig 74 

that the"" f " th emb ° diment t0 the ei 9 hth Edification were such 
that the : o lni ng strength was 20 Kg/cm* or greater, no defective 
connection of the electrode occurred in the tensile test Z 

he 8 T ,. reSU " ed *° - ««* and brea ge of 

he electrode under the heat cycle conditions after 1000 cycles 
<Sixth Embodiment ^ycies. 

now beT Ck T SUbStrate —ding to a sixth eminent will 
now be described with reference to Fig 75 

3 circuit*! reSln Z ltllaySr PrlntSd C " CUit b °« d 10 ^s build-up 

the c MD ° n thS " 9ht and sides o^ 

the core substrate 30 . The build-up circuit layers Ron „ p h „o' 

r;ra rp h 0 o r r te 4 s ; louer lnterlayer resin insuiati ^ ^Vh,;;'; 

a via hole 46. an upper lnterlayer resin insulating layer 60 
having an upper via hole 66 and a solder resist layer 70 foled 
on the upper lnterlayer resin insulating layer 60. A soTer 
bu ra p ,a„ external connection terminal, 76 for establishing the 
connection to an IC chip (not shown, is provided for the upper 

e 66 thr ° U3h a " <*™*»° " of the solder resist 70 " 
conducive connecting pin ,an external connection ter m ina ,' 78 
for establishing the connection to a daughter board ( no shown 
is connected to the lower via hole 66 

the bur 1 !? 1 " SlXth emb ° diment ' * th «°* ^le 36 for connecting 
the build-up circuit layers 80U and SOD to each other penetrates 

layer 50. The through hole 36 is filled with a resin fin." 
the 7, P 9 M 15 aPP " ed t0 thS Similarly 

yeitoTs Jin f ; rme : in the iower int « iayer ^«ia t L; 

layer 50 is filled with a resin filler S4 T u Q . . 

«ith cover plating 58 . M ' The °P">», is applied 

penetrateThe SiXth 1"*°"' 3 thl °^ "ole is for m ed to 
penetrate the core substrate =>r.H i-v,~ i 

ouwa irate ju and the lower interlaver resin 

insul t in, layer 50 by drilling or a laser bea m so that the th ro h 
the th I h ° le " 13 f ° rmed Mediately abo!e 

aholela d ^ ^ ^ 36 «» 

hole 66 are disposed in line so that the length of the electric 
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line is shortened. Thus, a signal transmission rate can be raised 
Srnce the through hoie 36 and the vi. hoie 66 which is conne ed 
to the external connection terminal <a solder pump 76 and a 
conduct,™ connecting pin 78, are directly connected to each 
■ other, -trsfactoryconnectionreliabilitycanberealized. I„ 
particular, the sixth embodiment has the structure that a filler 

t ir h°: ed ln th r through hoie 36 is fi — * » 

Then, the cover plating (the conductor layer, 58 is applj 
Then, thevraholeSSisformedonthecoverplatingSS. Therefore 
the surface o, the through hole 36 exhibits satisfactory^' 
smoothness. Moreover, satisfactory connection reliability 
between the through hole 36 and the via hole 66 can h. 

Themultilayer printed circuit board according to the sixth 
embodiment has the structure that the same filling resin 
enclosed in the through hole 36 and the lower via hole 46. The 
filler resin is simultaneously ground so as to be flattened 
nerefore, the cost reduction is permitted. The 
the rns.de portion of the through hole and that in the via hole 
can unrformly be maintained. fls a result, the reliability of 
themultilayerprintedcircuitboardcanbeimproved. The filler 

;; ; ed ^ "» ^ h ° le « ^ ^tened by grinding, and 
then the cover plating (the conductor layer, 58 for covering 

n the V aPPliSd - ThSn ' UPP « ^ h ° le « ^ ^2 

on the cover plating 58. Therefore, the surface of the lower 

;:na o bu 4 it ex b h ; bitsexceiientfiatness - Th — - ~- 

the louer vla hoie 46 and the upp - ^ ^ 

via hoi" IT" C ° ndUCtlVe meeting Pin 78 to the lower 

I 6 66 ' 3 S ° lder ^« 77 th. form of Sn/Sb, SnMg or 
Sn/Ag/Cu is provided. 
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